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Chapter  1 :  The  Suppositions 


The  manifestations  of  the  atmospheric  phenomena  and 
processes  are  so  various  that  they  have  long  before 
created  the  need  for  the  establishment  of  an  atmospheric 
model  of  the  greatest  possible  comprehensiveness.  It  is 
obvious  that  such  a  model  is  the  better,  the  more  emplrl- 
cal  facts  can  later  be  Incorporated  in  it,  and  the  less 
forcibly  this  can  be  done  on  a  physical  basis  and  causal 
flnishs.  It  must  be  flexible  in  accordance  with  the  variety 
of  the  atmospheric  phenomena,  that  is  to  say,  it  must 
allow  of  certain  variations  to  be  made  to  it,  without, 
however,  being  superficial. 

The  aim  of  this  analysis  is  to  set  up  a  model  of  the 
atmosphere  which  is  applicable  to  mean  conditions,  and 
to  offer  an  Initial  work  of  this  kind.  Comparison  with 
empirical  data  may  prove  how  far  this  effort  has  been 
successful. 

In  deducing  the  model  no  use  whatever  has,  intention¬ 
ally,  been  made  of  empirical  meteorology.  This  has  prov¬ 
ed  necessary  in  order  to  be  able  to  recognize  the  physical 
causality  of  the  development  of  the  individual  layers  in 
the  atmosphere.  Only  the  simplest  mathematical  and 
physical  relations  have  been  employed  and  only  the 
quantities,  being  given  by  the  earth  as  a  planet,  that 
have  been  used  —  though  not  each  time  individually 
named  —  arc  those  stated  below.  They  have  boon  desig¬ 
nated  „baslc  facts". 

Acceleration  due  to  gravity  g 
Voloelly  of  the  earth's  rotation  to 
Mass  of  the  atmosphere 

Inclination  of  the  earth's  axis  to  the  earth's  orbit 
and  the  resulting  radiative  conditions 

The  existence  of  special  atmospheric  layers  where 
the  sun's  radiation  is  absorbed;  particularly,  the 
existence  of  the  upper  border  of  the  ozone  layer. 

Surface  friction. 

Other  author's  results  have  not  been  used  unle.ss  these 
wore  attained  on  a  strictly  thororetlcal  basis.  Since 
empirical  facts  have  not  been  employed,  it  has  proved 
necessary  now  and  then  to  use  working  hypotheses  with 
a  view  to  permit  certain  conclusions  to  be  reached. 
However,  it  will  turn  out  in  each  such  case  whether  the 
hypothesis  used  has  been  correct  or  not.  in  deriving 
these  initial  conclusions,  their  materialization  in  nature 
must  not  be  asked  for. 


We  have  marked  only  such  conclusions  as  have  found  to 
be  reliable  upon  thorough  examination.  These  conclu¬ 
sions  are  indented,  put  in  Italics,  and  marked  by  double 
lines  in  the  left  margin.  They  are  denoted  by  the  letter 
"C"  and  bear  serial  numbers, 

The  analysis  has  been  confined  to  the  nontropical  lati¬ 
tudes  so  as  to  avoid  the  range  of  investigation  becoming 
too  large.  An  analogous  model  of  the  tropical  latitudes 
is  left  for  future  estahllshmc,,;.. 

The  calculations  and  investigations  of  this  analysis  have 
been  made  in  the  (x,  y,  z)-system,  and  not  in  the  (x,  y,  p)- 
system,  nowadays  common  in  meteorology.  As  later 
sections  will  show,  for  this  study,  the  z-system  is  the 
more  advantageous  of  the  two.  In  the  system  used  here, 
the  x-axis  points  to  the  east,  the  y-axls  to  the  north  and 
the  z-axis  to  the  zenith. 

The  gradients  have  been  founded  on  their  mathematical 
definition,  and  therefore  show  in  the  direction  of  tho 
highest  increase  of  tho  values.  Wherever  disturbances 
are  involved  —  which  generally  are  not  independent  of 
the  longitudes  —  the  system  of  coordinates  applied  Is 
oriented  to  the  horizontal  flow.  In  this,  s  designates  the 
coordinate  having  the  direction  of  the  flow,  while  the 
n-axls  Is  directed  In  such  a  way  that  it  forms  together 
with  the  coordinate  axes  of  s  and  z,  a  mathematical 
rectangular  system.  The  symbols  used  denote  the  follo¬ 
wing: 

p  air  pressure 
T  air  temperature 
e  air  density 
R  gas  constant  for  dry  air 
g  accoloratlon  due  to  gravity 
u)  velocity  of  the  earth's  rotation 
cp  geographic  latitude 
/  Coriolis  parameter  2  w  sin  cp 
I  Coriolis  parameter  2  (o  cos  cp 
Vx  wind  component  in  tho  direction  of  x 
V|/  wind  component  in  tho  direction  of  y 
V,  vertical  air  motion 
V  throedlmonslonnl  gradient 
Va  horizontal  gradient 
I  time 

Since  their  Investigation  is  to  be  confined  to  the  basic 
facts  as  a  working  basis,  the  authors  have  been  foiced 
lo  utilize  a  theorem  which,  a  priori,  must  be  regarded 
valid  as  long  as  no  cnnlradictuiy  results  are  readied: 
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„No  meteorological  quantity  can  grow  beyond  all  limits". 
The  authors  are  well  aware  of  the  makeshlfty  nature  of 
this  theorem  which  they  arc  obliged  to  use  due  to  their 
adherence  to  merely  the  basic  facts. 

Particular  importance  has  been  attached  to  the  layers  of 
the  maximum  and  vanishing  meridional  gradients  of  the 
three  atmospheric  parameters,  p,  T  and  ft  which  are 
connected  with  one  anotlier  by  the  gas  equation.  For 
shortness,  those  layers  have  been  designated  in  a  way 
suggested  by  E.  Muller,  viz.,  incorporating  the  Greek 
terms  „homos“  (denoting  one  and  the  same,  like),  and 
„pleistos“  (denoting  most,  the  largest  quantity). 

Hd  Layer  of  vanishing  meridionai  pressure  gradient 
=  homobaric  layer 

Pp  Layer  of  maximum  meridional  pressure  gradient 
=  pleistobaric  layer 

Ur  Layer  of  vanishing  meridional  temperature  gra¬ 
dient  =  homothermic  layer 

Pr  -Layer  of  maximum  meridional  temperature  gra¬ 
dient  =  pleistothermic  layer 
llg  Layer  of  vanishing  meridional  density  gradient 
—  homopycnic  layer 

Pg  Layer  of  maximum  meridional  density  gradient 
=  pleistopycnlc  layer. 

First,  only  a  decrease  In  temperature  from  the  low  to 
the  high  latitudes,  caused  by  differing  radiation  is  as¬ 
sumed  to  exist  on  the  earth's  surface.  To  this  basic  fact 
a  number  of  physical  laws  in  the  form  of  mathematic 
equations  and  qualitative  considerations  arc  applied. 
Those  are  the  equations  used; 

3p 

(1)  —  =  —  g? 

3z 

(hydrostatic  equation) 


(2)  p  “  RTg 
(gas  equation) 

1  3p 

(3)  Vj.  ==  —  ~  - 

fe  dy 

(equation  for  the  geostrophic  wind) 

The  latter  equation  represents  a  wind  that  Is  directed 
parallel  to  the  isobares,  that  Is,  the  Coriolis  force  and  the 
force  of  the  pressure  gradient  are  In  a  state  of  equilib¬ 
rium.  Thus,  there  is  no  wind  component  that  crosses  the 
isobares,  and,  consi.stently,  no  Iraiisportatlon  of  all- 
masses  takes  place  between  the  areas  of  high  pressure 
and  low  pressure.  The  geostrophic  wind  is  a  Active  wind, 
now  known,  to  occur  In  nature  very  rarely.  But  as  the 
wind  component  that  is  parallel  to  the  isobares  predomi¬ 
nates  over  the  wind  component  that  Is  perpendicular  to 
the  isobares,  the  geostrophic  wind  represents  the  real 
wind  conditions  with  a  high  degree  of  accuracy. 
Fui-lher,  use  has  been  made  of  the  Eulerian  equations  of 
motion. 


(4  a) 

b) 

c) 


dvj 

) 

dp 

—  /  V,/  +  1  V2  =  —  - 

dt 

s 

8x 

dv„ 

1 

dp 

H-  /  V2  - - 

dt 

g 

3y 

dvj 

1 

dp 

dt 

e 

dz 

For  motion  without  acceleration,  eq.  (1)  results  from 


eq.  (4c),  and  eq.  (3)  from  eq.  (4b). 


This  is  the  socalled  Eulerian  expan.sion: 

d  3  3  3 

(5)  -  =  - •+  Vj:  -  +  V„  —~ 

dt  dt  3x  3y 


3  3 

+  Vj  -  =  -  -t-  V  -  V 

3x  dt 


Differentiation  with  respect  to  z  of  the  gas  equation 


renders 

(6) 


1  3p  3t  3g 

R  3z  3z  dz 


and  differentiation  with  respect  to  y  renders  the  meri¬ 
dional  gradients 


(7) 


1  3p  3t  3g 

R  dy  ^  3y  3y 


In  establishing  the  model,  the  determination  of  certain 
laws  has  proved  necessary  from  the  beginning.  The 
model  Includes  the  deduction  of  various  layers  of  mar¬ 
ked  cliaracteristics  (extrem  or  vanishing  value)  of  the 
throe  quantities,  pressure,  temperature  and  density,  as 
well  as  of  the  wind.  The  situation  at  a  speclAc  altitude 
of  a  layer  having  the  extrem  value  of  the  characteristic 
„C'‘  frequently  brings  about  the  question  as  to  at  what 
altitude,  above  or  below,  the  layer  showing  the  extrem 
value  of  the  characteristic  X  fz)  C  Is  situated;  Xfx)  being 
a  factor  dependent  on  the  altitude.  E.  g.  there  is  a  layer 


showing  the  maximum  condition  of  the  meridional  pros- 
3p 

sure  gradient  - ;  then,  the  problem  is  to  And  the 

I  3p 

altitude  of  the  maximum  of - .  This  has  led  to  the 

e  9y 

compilation  In  the  next  chapter  of  a  number  of  prelimi¬ 
nary  notes  regarding  those  laws, 


In  view  ol  the  considerable  amount  of  calculation  that 
would  have  boon  required  to  ascertain  the  absolute 
heights  of  the  individual  layers,  the  authors  have  desist¬ 
ed  from  stating  those.  They  have  confined  themselves  to 
explaining  only  the  relative  altitudes  of  the  individual 
layers,  that  Is,  the  succession  of  those.  Although  the 
considerations  Involved  have  often  been  rather  difficult, 
the  authors'  aim  throughout  has  been  physical  and 
mathematical  correctness  as  well  as  logical  proceeding. 
They  ask  the  reader's  indulgence  in  case  any  paralogisms 
may  have  occurred.  However,  they  should  bo  much 
obliged  If  their  considerations  were  used,  and  continued, 
by  colleagues. 
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chapter  2:  Derivation  of  Relative  Positions  of  Significant  Meteorological  Levels 


In  the  iuvcstigatiuii  uf  pleisto-layers  the  principal  point 
of  interest  is  the  relative  positions  of  the  individual 
layers  of  extreme  values.  As,  mostly,  either  of  the  two 
factor  functions  is  monotonous  (e.  g.  monotonously 
decreasing),  the  question  can  be  given  a  specific  form: 

l(z)  =  \  (z)  ■  g  (z) 

It  is  assumed  that 
d 

- XfzJ  JO  monotonously;  Xfz),  gfzj>0 

dz 

This  assumption  is  justified  for  the  reason  that  in  our 
consideration,  the  accent  is  put  on  the  mathematical 
extremes  of  the  value  functions  rather  than  on  those 
of  the  functions  with  regard  to  the  signs.  We  want  to 
determine  the  extreme  values,  disregarding  the  signs, 
of  a  function 

/  (z)  -=  ■  g>(z)  (I,  X*.  g‘  ^  0) 

Then,  the  problem  can  bo  reduced  to  that  mentioned 
above  if  we  assume  that 

I  ml  =  /w 
i  xvzjl  ==  xw 
Ig'Wl  =  gW 

These  are  the  conditions  of  a  maximum  of  the  vertical 
distribution  of  g  (z): 

d  d‘ 

- g(z)  -  0  and  - g(z}  <  0 

dz  dz* 

z*  be  the  height  of  this  maxinium;  z**  the  required 
height  where  /  fzj  has  a  maximum.  Here, 
d  d  d 

- f  N  “  ^  - ff  W  +  g(z) - *•  W  -  0 

dz  z**  dz  dz 

If  X  (z)  be  a  monotonously  Increasing  function  (e.  g.  f  / 1'). 
df(z)ldz  =  0  can  occur  only  above  z*  for  the  reason 
that  below  this  height,  both  terms  at  the  right-hand 
side  of  the  latter  equation  have  the  same  sign.  The 
opposite  conditions  hold  good  for  a  monotonously 
decreasing  function  X  (z)  (e.  g.  q). 

Conditions  corresponding  to  the  above  can  be  assumed 
to  exist  in  the  case  of  a  minimum,  except  that  here, 
d*gfz)/dz*  >  0. 

A  monotonously  Increasing  (decreasing) 
factor  function  (X  (z))  causes  the  maximum 
(minimum)  of  a  product  funotlon  if  fzj)  to 
be  situated  above  the  height  of  the  maxl- 
C.  I  mum  (minimum)  of  the  other  factor  (unc¬ 

tion  (g  (z)).  In  the  ease  of  'Tncreaslng"  and 
"decreasing"  changing  their  parts,  the 
extreme  of  /  (z)  is  situated  below  the  ex¬ 
treme  of  g  (z). 


Infinitesimal  evaluation  of  course  does  not  provide  for 
the  determination  of  the  real  values  of  the  difference 
(ztf—2*).  Theoretically,  this  can  be  infinite.  It  Is  de¬ 
pendent  on  the  respective  characters  of  the  two  factor 
functions. 

* 

Some  figures  in  this  study  are  of  an  unusual  appearance 
which  also  need  explanation. 

An  n-level  be  defined  a,s  a  level  of  constant  values  of  n, 
(a  being  p,  T  or  g).  The  basis  of  consideration  be  the 
(y,  z)-plane  that  is,  the  meridional  cross-section.  That 
P-,  T-,  and  g-level  which  passes  through  a  specific  point 
P  in  the  (y,  z)-pjane,  be  intersected  by  this  plane.  The 
tangents  at  point  P  to  these  three  intersectional  curves 
be  designated  "tracing  tangents".  The  absolute  and 
relative  slopes  of  these  three  tracing  tangents  (Fig.  1), 
permit  a  number  of  conclusions  to  be  reached.  The  con¬ 
clusions  resulting  from  drawing  the  three  tracing  tan¬ 
gents  at  several  consecutive  points  P|  of  the  z-axis  are 
typical  of  the  physical  vertical  structure  of  an  atmo¬ 
sphere  system.  Any  meteorological  laws  that  are  required 
to  draw  the  tracing  tangents  must  be  observed  in  order 
not  to  obtain  conditions  that  would  be  physically 
impossible. 

First,  the  laws  of  the  relative  positions  of  the  tracing 
tangents  of  p,  T  and  g  at  point  P  will  be  deduced.  In 
this  deduction,  a  theoretic  study  made  by  B.Miiller  at 
the  request  of  the  authors  will  be  used. 

As  p,  T  and  g  ere  connected  with  one  another  by  the  cqs. 
(1)  and  (2),  it  is  apparent  that  the  tracing  tangents 
cannot  be  drawn  at  choice,  but  that  the  slope  of  any  of 
them  rather  depends  upon  the  slopes  of  the  other  two. 

a  be  any  of  the  three  parameters  p,  T  and  g.  We  are  now 
Interested  In  the  condition  of  an  air  column  that  would 
render  the  slope  of  the  tracing  tangent  of  a  to  be  situated 
at  point  P  between  the  slopes  of  the  other  two  tracing 
tangents.  The  condition  both  necessary  and  sufficient 
for  this  is  that  in  the  a-coordinate  system  (a  being  the 
vertical  coordinate),  the  signs  of  the  slopes  of  the  other 
two  li'ucing  tangents  are  opposite. 

The  relative  slope  of  a  level  of  constant  p-values  to  one 
of  constant  a-valuos  is  represented  by 

dp 

dy  « 

P  3|1 

da 

First,  g  bo  substituted  for  «. 


a 


In  the  e-systera, 
3p 

3y 


e 


Q 


3p  3T 

—  AT  +  e  i? - 

3g  dg 

3T 

3y  g  t 


.--I-) 

0  371301 

The  left-hand  side  of  this  equation  and  the  fraction 
preceding  the  parenthesis  represent  the  slopes  of  the 
tracing  tangents  of  p  and  T  respectively.  To  render  these 
opposite  to  one  another  the  term  within  the  parenthesis 
must  be  negative,  1.  e. 


3o 


T 

I  +  - -  <  0  or 

3T 


T  3z 

■y - 

0  37 

9z 


<  0 


32 


37 

Since  g/R  is  positive,  it  yields:  -  >  0. 

3z 

In  the  case  of  the  temperature  increasins 
C  II  altitude,  the  tracing  tangent  of  den¬ 

sity  is  the  middle  one  between  those  per¬ 
taining  to  P, 


Now,  a  be  replaced  by  p;  then  the  corresponding  equa¬ 
tions  are  as  follows: 


do 

P 

37  I 

3y 

P 

RT’ 

9y  1  p 

3o 

1 

p  3T 

3p 

RT 

RT’  3p 

37 
3y 

3p  \  p  37/ 3p  I 
Again,  the  parenthesis  must  be  negative: 
7 

/ - <  0 

37 


3t> 


P  I 


7  3z  go7 

I - ^  /  +  - 

p  37  37 

~3l  IT 


1 

37 

37. 


37  ^  g 
5z  H 


<  0 


The  right-hand  side  cannot  be  negative  unless,  first,  the 
1 

factor - preceding  the  parenthesis  is  negative  and, 

37 /3z 

second,  the  parenthesis  Itself  remains  positive.  This 
renders 

g  37 

- <  -  <  0. 

R  dz 


C.  Ill 


In  the  case  of  the  temperature  decreasing 
with  altitude  —  this  decrease  however 
being  lesser  than  what  would  correspond 
to  the  vertical  temperature  gradient  in  the 
homogeneous  atmosphere  (  —  g/R)  —  the 
tracing  tangent  of  pressure  is  the  middle 
one  between  those  pertaining  to  P. 


Finally,  a  be  substituted  by  the  temperature. 


3p 

3y 


R7 


do 

3y 


dp 

37 


Re  +  RT- 


3o 

37 


do 


7 


1 


37  \  7  3o/d7  / 


The  equation  of  condition  in  respect  of  the  negative 
parenthesis  now  renders 


37 


t  I- 


do 

T - 

37 

57 

3z 


+ 


37 

3z 


g  ^  37 

R  dz 


0  3z 
7  So 
dz 


<  0 


This  is  not  possible  unless 
37  ^  g 
dz  R  ' 


C.  IV 


In  the  case  of  the  temperature  decreasing 
with  height  stronger  than  in  the  homo¬ 
geneous  atmosphere,  the  tracing  tangent  of 
temperature  is  the  middle  one  among  the 
three  pertaining  to  P. 


The  latter  case  is  not  applicable  in  nature;  lor  if  this 
would  be  so,  air  density  would  have  to  increase  with 
height.  In  the  case  of  the  earth's  surface  being  the  only 

3r  g 

heating  level,  the  condition  always  is  0  >  - - > - . 

3z  R 

That  means,  in  the  respective  figures,  the  level  of  p  must 
ill  ways  be  situated  between  the  two  others. 
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In  Figures  2,  6,  .g,  13,  the  projections  upon  the  (y,  z)- 
plane  of  the  vectors  Vp.  VT  end  Vg  at  point  Pt  are 
represented  by  arrows  which  are  perpendicular  to  the 
tracing  tangents.  Because  of  the  omission  of  quantitative 
considerations,  the  lengths  of  those  arrows  do  not  mat¬ 
ter;  it  is  only  their  relative  directions  as  to  one  another, 
and  as  to  the  z-axis,  that  do  count. 


zero.  In  order  that  the  aid  offered  by  those  “laws"  may 
not  be  neglected,  the  factors  of  eq.  (7)  have  been  retained. 
The  disadvantage  of  doing  so  is  that  the  layers  of  ex¬ 
treme  values  of  the  products  change  their  altitudes  as 
against  the  layers  of  extreme  gradients.  However,  this 
does  not  matter  greatly  since  the  absolute  heights  have 
been  paid  no  attention  to. 


The  arrows  point  in  the  direction  of  growing  values.  An 
arrow  pointing  to  the  lower  left  thus  indicates  an  In¬ 
crease  of  the  respective  parameter  downwards  and 
towards  lower  latitudes.  Emphasis  is  put  on  those  levels 
in  which  any  of  the  arrows  coincides  with  the  z-axis. 
thus  indicating  a  level  of  vanishing  values  of  the  meri¬ 
dional  gradient. 

Part  a  of  the  Figures  Q  and  13  illustrates  the  vertical 
9p  3T  3p 

distribution  of - , - , - ,  (which  for  shortness  arc 

9y  9y  9y 

in  our  study  called  ..riieridional  gradients"),  though  not 
the  real  value,  but  one  multiplied  by  some  factor.  Eq.  (7) 

I  3p  9r  3$ 

— - =  p  -  +  T - 

R  9y  9y  9y 

furnishes  a  relationship  which  must  be  taken  Into  ac¬ 
count  at  any  altitude  when  plotting  the  figures.  Yet  this 
relationship  facilitates  rather  than  impairs  the  drawing 
of  the  lines.  E.  g.  if  the  p-curvo  passes  through  zero, 
(9p/9y  =  0),  the  T-  and  p-curves  must  at  this  height  be 
at  an  equal  distance  in  opposite  directions,  from  the 
z-axls.  In  the  case  of  the  p-curve  intersecting  any  of  the 
other  two  curves,  the  remaining  one  must  pass  through 


Since,  considering  the  rapid  decrease  of  p  and  g  with 
height,  the  distances  from  the  z-axis  of  the  curves  would 
be  very  small  in  the  upper  parts  of  the  figures,  the  cur¬ 
ves  have  been  plotted  in  such  a  way  as  though  all  the 
gradients  had  once  more  been  multiplied  by  f/p.  The 
curves,  thus,  represent  the  approximate  vertical  dlstri- 
1  8p  3t  T  9p 

button  of - , - , - . 

Rp  9y  9y  p  9y 

The  Figures  13,  21,  (8,  if}  show  the  appertaining 
system  of  circulation,  the  branches  of  same  consisting  of 
the  nongeostrophic  horizontal  and  of  the  vertical  move¬ 
ments. 

In  the  colored  representation,  the  symbols  in  respect  of 
pressure,  temperature  and  density  are  shown  as  follows: 
pressure  yellow 

temperature  red 

density  blue 


In  the  one-color  representation,  these  are  Illustrated  as 
follows; 


pressure 

temperature 

density 


solid  line 
dotted  line 
dashed  line 
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II  The  Earth’s  Surface  as  a  Heating  Level 

Chapter  3 :  The  Hotnopycnic  Layer  and  the  Wagner-Linke-Layer 


It  is  known  tliat  on  the  surface  of  the  earth  there  is  a 
temperature  gradient  that  is  directed  from  north  to 
south,  1.  e.,  of  negative  sign.  Assuming  the  earth's  surface 
to  be  the  only  heating  level,  the  conclusion  that  can  so 
far  be  drawn  is  that  its  effect  will  decrease  with  height 
and  that  at  a  certain,  very  high  altitude,  the  respective 
meridional  gradients  of  pressure,  temperature  and 
density  will  be  zero. 

No  statement  can  be  made  as  yet  regarding  the  meridio¬ 
nal  pressure  gradient  that  exists  on  the  earth's  surface, 
3po/dy\  what  we  do  know,  is  the  situation  at  higher 
levels.  The  stronger  radiation  that  prevails  in  lower 
latitudes  causes  the  constant  pressure  levels  to  rise. 
With  increase  in  height  the  pressure  difference  between 
low  and  high  latitudes  will  rise;  its  increase  weakening 
as  the  height  increases,  since  according  to  the  basic 
facts,  the  difference  in  temperature  between  the  high 
and  the  low  latitudes  decreases  with  height.  This 
pressure  gradient  above  the  surface  of  the  earth  causes 
west  wind  as  per  eq.  (3). 

Earlier  metoorologlc  papers  try  to  explain  the  develop¬ 
ment  of  a  low-pressure  area  in  this  way;  A  certain  part 
of  the  earth's  surface  is  subject  to  Intenslfled  radiation, 
so  the  constant  pressure  levels  will  rise,  with  the  air 
aloft  flowing  off  this  ‘air  mountain',  and  the  resulting 
mass  deficiency  consistently  causing  the  pressure  on  the 
earth's  surface  to  drop. 

No  consideration  has  in  that  theory  been  given  to  the 
Coriolis  force,  which  holds  together  the  air  pressure 
systems  and  thus  docs  not  allow  tlic  air  aloft  to  flow  oft 
towards  lower  pressure.  It  Is  not  clarified  in  how  far 
these  conditions  apply  to  the  equatorial  regions  where 
the  Coriolis  force  is  non-existent,  and  also  for  this 
reason  the  deduced  model  is  limited  to  the  nontroplcol 
luliluUus. 

It  seems  necessary  in  this  connection  to  raise  the 
problem  of  the  possibility  of  levels  of  extreme  or 
disappearing  gradients  of  the  meteorological  parameters 
developing  at  any  altitude.  This  requires  the  signs  of  the 
surface  gradients  from  eq.  (7)  to  be  evaluated.  For  It  is 
its  sign  near  the  surface  that  determines  to  whidi  ex¬ 
treme  condition  —  maximum  or  minimum  —  any  of 
those  gradients  may  go  at  a  specified  altitude. 

dTolSy  is  assumed  to  be  negative.  No  statement  can  so 
far  be  made  relative  to  the  pressure  gradient  on  the 


earth's  surface,  9po/9y.  As  long  as  no  result  can  be 
obtained  that  would  render  9po/9y  =)=  0,  the  hypothesis 
used  hereunder  is  9po/9y  =  0.  So,  due  to  eq.  (7), 
9()/9y  must  be  positive  on  the  earth's  surface. 

The  statement  —  so  far  not  definitely  proved  —  that  air 
density  on  the  earth's  surface  is  increasing  poleward 
from  the  lower  latitudes  allows  an  important  conclusion 
to  be  drawn  if  considered  in  connection  with  eq.  (1). 

There  must  be  a  specific  height  at  which  the  meridional 
gradient  of  density  fades,  This  shall  be  worked  out. 

From  eq.  (1),  (2)  and  (6)  the  following  can  be  derived: 


where  y  =  vertical  temperature  gradient  9T/9z,  to  be 
independent  of  z. 

Assuming  a  constant  mean  temperature  Tm  (an  operation 
analogous  to  the  finding  of  the  barometric  height  for¬ 
mula),  the  foregoing  equation  can  be  integrated  as 
follows: 

(8)  1  (  g  \ 

Inc  =  In  Co - 1  —  y  I  * 

Tm  \  R  / 

where  Cu  air  density  on  the  earth's  surface. 

Assigning  to  the  variables  of  this  equation  subscript  1 
for  the  warm  air  In  the  south  and  subscript  2  for  the 
cold  air  in  the  north,  and  claiming  the  densities  of  warm 
air  and  cold  air  to  be  equal  at  the  required  altitude 
z  =  /i.  In  Cl  =  Inci,  the  result  is 


,  002 
z  =  h  =■ 


This  is  the  altitude  of  the  layer  of  a  theoretically  vanish¬ 
ing  meridional  density  gradient  (homopynic  layer),  and 
its  value  Is  positive  on  the  assumption  that  Qo  is  larger 
In  high  latitudes  than  in  low. 

In  191D  F.  Llnke  [1]  derived  a  formula  for  a  layer  of 
theoretically  vanishing  changes  of  density,  which  had 
been  found  already  9  years  earlier  by  A.  Wagner  when 
he  studied  the  height  of  the  maximum  intordiurnal 
pressure  changes  [2].  flake's  suppositions  wore: 

3po  y 

-- —  -  9;  T  “  T„,  +  —  h* 

8t  2 
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(where  ~  mean  temperature  between  surface  and 
height  h*,  y  =■  5T/3z). 

With  SQoJBTm  equal  to  0,  he  found  the  height  of  the 
required  layer  to  be 


It  is  desirable  to  ascertain  the  relationship  that  holds 
between  eq.  (10)  and  that  derived  by  Llnke. 

In  Linke'a  derivation,  po  is  assumed  to  be  constant,  L  e. 
eoi  foi 

S02  To/ 

When  using  the  A-symbol  (showing  the  difference) 
instead  of  the  subscripts  1  and  2,  eq.  (10)  results  to  be 


Ini  1  + 


,  +  ji  _ 


Tm  +  A  T„ 


•  +  r  +  Ay 


The  logarithm  is  developed  in  a  series  and  discontinued 
after  the  1®'  term.  Assuming  Ay  to  be  equal  to  0: 

ATo 


T„  \  R  I  \  T,„-I-AT,„ 

The  last  bottom  factor  can  be  transformed  since 
AT-,,. 


/  AT,,,  \ 

V— ) 


Then  it  follows 


AT II  *  Tfti 


With  Ay  =  0i  the  result  is  ATo  =  AT,,,,  and  the 
following  equation  is  obtained; 


The  latter  is  the  form  of  the  equation  as  derived  by 
Llnke  originally  [1],  and  expanded  by  y.  While  eq.  (10)  is 
more  complicated  than  Linke's  derivative,  it  is  of  a  more 
comprehensive  nature. 

In  a  later  publication  [3]  llnke  called  attention  to  a  note 
by  F.  M.  fixner  saying  that  instead  of  using  the  mean 
temperature  it  would  be  more  accurate  to  use  the  poly¬ 
trope  statement  T  =  Tc  —  yz  (y  =  constant),  which 
would  render  the  height  of  the  Wagner-LInke-layer  to  be 

RTo 

(11)  h**  =  - 

g 

that  is,  the  height  of  the  socalled  homogeneous  atmo¬ 
sphere,  an  imaginary  atmosphere  having  constant  air 
density  with  y  =  — 3.4°C/100m. 

We  feel,  however,  that  particularly  when  comparing 
warm  and  cold  air,  it  would  be  of  havier  consequence 
to  adopt  the  same  dT  1 5z  for  both  warm  and  cold  air, 
than  to  use  two  mean  temperatures,  and  we  therefore 
have  applied  LInke's  1st  formula  for  comparison  pur¬ 
poses. 

Prom  eq.  (10)  it  appears  that  the  lower  (the  higher)  the 
homopycnic  layer,  the  greater  (the  lesser)  will  be  the 
differences  between  the  mean  temperatures  of  warm 
and  cold  air.  The  altitude  of  the  layer  is  higher  with 
absolutely  higher  temperatures  (summer)  than  it  is  with 
absolutely  lower  temperatures  (winter).  Due  to  these 
two  mutually  independent  Influences  on  the  height  of 
the  homopycnic  layer,  an  altitude  of  minimum  temporal 


Fig.  1:  Vertical  decrease  of  density  at  high  and  low  latitudes  and  the  huiiiopycuic  layer 
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density  variations  will  result  in  the  temporal  mean  at  a 
specified  location. 

If  density  near  the  earth's  surface  were  lower  in  the 
polar  region  than  in  the  low  latitudes,  i.  e.,  If  go;  were 
greater  than  4103,  In  Qtilsot  would  be  positive,  with  a 
negative  altitude  being  obtained  for  the  homopycnlc 
1  1 

layer  (Fig.  1)  because  of - <  0 

•  Tmt  Tait 

Thus,  the  homopycnlc  layer  does  not  exist  but  on  the 
assumption  that  density  over  the  polar  region  is  higher 
than  over  the  low  latitudes,  which  in  turn  arose  from 
using  statement  Spo/Sy  =  0. 


If  air  density  on  the  earth's  surface  is  higher 
over  the  polar  region  than  over  the  warmer, 
„  lower  latitudes,  there  will  be  a  layer  of 

tfaearetlcally  vanishing  meridional  density 
gradient  (homopyonio  layer),  whose  height 
is  found  by  means  of  equation  (10). 

This  entails  another  conclusion,  viz.. 

On  the  basis  of  the  assumptions  used  here, 
the  mean  vertical  decrease  in  air  density  Is 
stronger  over  the  polar  region  than  over  the 
lower  latitudes  (Fig.  1  a). 


C.  lb 


density  variations  wiil  result  in  the  temporal  mean  at  a 
specifled  location. 

If  density  near  the  earth's  surface  were  lower  in  the 
polar  region  than  in  the  low  latitudes.  1.  e.,  if  eol  were 
greater  than  qo3.  In  qoiIqii2  would  be  positive,  with  a 
negative  altitude  being  obtained  for  the  homopycnic 
1  1 

layer  (Fig.  1)  because  of - <  0 

Tm;  Tmz 

Thus,  the  homopycnic  layer  does  not  exist  but  on  the 
assumption  that  density  over  the  polar  region  is  higher 
than  over  the  low  latitudes,  which  in  turn  arose  from 
using  statement  5p«/3y  =  0. 


If  air  density  on  the  earth's  surface  is  higher 
over  the  polar  region  than  over  the  warmer, 
lower  latitudes,  there  will  be  a  layer  of 
theoretically  vanishing  meridional  density 
gradient  (homopycnic  layer),  whose  height 
is  found  by  means  of  equation  (10). 

This  entails  another  conclusion,  viz., 

On  the  basis  of  the  assumptions  used  here, 
the  mean  vertical  decrease  In  air  density  is 
^  stronger  over  the  polar  region  than  over  the 

lower  latitudes  (Fig.  1 1 ). 
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Chapter  4;  The  ’Null’  Layer 


The  sign  ol  5pol  9y  will  now  be  considered,  and  a  dig¬ 
ression  is  necessary  for  this  purpose.  Our  first  approach 
is  to  And  out  the  possibility  of  an  extreme  condition  of 
3p/  Sy  occurring  at  a  specified  altitude.  Such  an  extreme 
would  have  to  be  a  maximum  on  the  basis  of  eq.  (1), 
according  to  which  the  decrease  of  pressure  with  height 
takes  place  at  a  faster  rate  in  the  heavier  air  over  the 
high  latitudes  than  over  the  low  ones. 

A  maximum  of  the  meridional  pressure  gradient  In  Its 

3‘p 

vortical  distribution  is  given  by -  =  0,  and  using 

3z  3y 

eq.  (1)  the  following  is  obtained: 

3*p  3‘p  3g 

(12)  -  =  - =  —  g - r=  0) 

9z  3y  3y  Sz  9y 

3jj/3y  —  0  representing  the  definition  of  the  homopyc- 
nic  layer  (and  frequently  to  be  abbreviated  Hq  in  the 
following).  This  relation  was  shown  earlier  by  Doporto 
[4]  in  his  excellent  study  on  the  matter. 

II  There  Is  a  layer  of  maximum  meridional 
C.  2:  pressure  gradient  (plelstobarlo  layer)  at  the 

II  altitude  of  the  homopyonio  layer. 

Calculation  shows  these  two  layers  to  occupy  exactly 
the  same  height.  It  must,  however,  be  considered  that 
the  hydrostatic  equation  (1)  used  in  the  operation  Is 
correct  only  relative  to  movements  without  acceleration 
(left-hand  side  of  eq.  (4c)  “  0).  Consequently,  there  may 
in  a  particular  case  be  an  extremely  small  difference  in 
height  between  the  two  layers  which  will  be  disregarded 
in  the  below  analysis. 

Derived  from  the  pressure  field,  the  grndlcntlc  wind 
must  have  an  extreme  value  above  the  extreme  of  the 
pressure  gradient.  Dlfterentlatlng  eq.  (3)  with  respect 
to  z  shows: 

dvj  1  3  I  3p  \  1  3p  3g 

3z  tQ  9z  \  3y  /  in-  <3y  3z 

It  appears  that  the  height  difference  between  the  two 
layers  is  caused  by  the  Znd  term  of  eq.  (13),  right-hand 
side.  Above  the  layer  of  maximum  (negative)  3p/ 3y,  the 
first  term  is  minus,  3p/9y  now  decreasing  with  increas¬ 
ing  height.  Both  9t>/3z  and  3p/3y  being  negative,  the 
2ud  term  remains  positive  in  both  cases.  For  an  extreme 
of  the  gradientic  wind,  eq.  (13)  will  become  zero,  this 
being  possible  only  above  the  layer  of  maximum 
pressure  gradient  where  both  terms  are  of  opposite 
sign.s.  It  would  be  thinkable  indeed,  that  this  layer  of 
maximum  winds  will  not  be  reached  until  very  high 
altitudes  of  the  atmosphere.  But  the  following  consi¬ 
derations  show,  that  this  layer  has  to  be  situated  not  too 
far  away  from  the  heating  level:  Based  on  the  decisions 
hitherto  the  earth'  surface  represents  a  level  of  constant 


pressure,  whereas  the  isothermic  levels  show  the 
strongest  slope  there.  With  increasing  altitude  the  slope 
of  the  p-levels  increases,  but  that  of  the  T-levels 
decreases. 

Whereas  the  behaviour  of  the  p-levels  already  have  been 
explained  at  the  beginning  of  chapter  3,  it  seems  to  be 
necessary  to  give  a  short  consideration  on  the  slope  of 
T-levels.  As  is  well  known  the  slope  of  this  level  is  given 

37/ 9y 

Iga  = - 

3T/9z 

Now  we  want  to  regard  the  behaviour  of  the  terms  on 
the  right  side  of  this  equation  in  their  dependency  on 
the  height.  On  the  earth'  surface  3T/3y  is  determined 
by  the  basic  facts.  The  action  of  the  vertical  „Aus- 
tausch"  (mixing  of  the  air)  aspires  to  a  constant  (nega¬ 
tive)  vertical  temperature  gradient  above  a  fixed  place. 
The  value  of  this  vertical  temperature  decrease  mainly 
is  a  function  of  the  temperature  of  the  earth'  surface. 
Consequently  the  vertical  temperature  gradient  increa¬ 
ses  towards  lower  latitudes  thus,  with  nearly  constant 
local  9T  /  9z,  97  /  9y  decreases  with  increasing  altitude 
and  therewith  the  slope  of  the  temperature  levels 
weakens.  Due  to  the  turn  of  the  p-  and  7-level,  not  too 
far  away  from  the  heating  level  finally  this  levels  will 
be  parallel,  which,  as  it  will  be  shown  later,  represents 
a  maximum  of  the  zonal  wind. 

Above  the  layer  of  maximum  meridional 
^  ^  pressure  gradient  (plelstobarlo  layer)  there 

must  be  a  layer  of  maximum  gradientic 
winds. 

In  fact  this  conclusion  is  obvious  from  eq.  (3)  since  gfzj 
decreases  with  height,  and  it  is  Indicated  also  by  the 
preliminary  notes  of  Chapter  2. 

Basing  on  the  oxtstcnco  of  a  layer  of  maximum  winds  — 
wlicn  it  is  not  yet  determined  whether  or  not  the  maxi¬ 
mum  of  the  real  wind  occurs  at  exactly  the  same  altitude 
ns  that  of  the  gradientic  wind  —  other  conclusions  can 
be  reached. 

Use  of  cq.  (12)  transforms  cq.  (13)  to 


t  / 

/Qi  V  3) 


fVp  X  Vgjz-co;rtp. 

/,,! 

Then,  using  eq.  (14) 

(14)  p  (V7  X  Vp)  =  p  fV7  X  Vpj  -  7  (Vp  X  Vg) 
we  obtain  the  expression  as  it  has  boon  shown  earlier 
by  W.  Attmannspacher  [5],  viz., 

3vjr  fi 

r  “  (VT  X  Vpjz-cowiy. 

32  /P 
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That  is  to  say,  the  zonal  wind  (that  along  the  x-axls) 
will  reacli  an  extreme  value  (here,  a  maximum)  at  that 
altitude  at  which  the  projections  on  the  (y,  z)-plane  of 
the  three-dimensional  vectors  of  temperature,  pressure 
and  density  are  parallel.  As  has  been  shown  In  the 
above-cited  study,  the  wind  extreme  is  persistent  only 
if  the  vectorial  product  of  the  three-dimensional  gra¬ 
dients  is  zero.  It  is  seen,  therefore,  that  the  layer  of  the 
persistent  wind  extreme  is  a  barotropic  (thermotropic 
and  stcreotropic)  level,  which  result  has  been  found  also 
by  G.  Hollniann  [6]  independently  of  W.  Allmannspachcr. 

This  allows  an  essential  conclusion  to  be  drawn  in 
respect  of  the  large-scale  vertical  motion,  and  for  this 
purpose,  we  shall  briefly  reproduce  the  considerations 
given  in  [5], 

Practically  adiabatic  conditions  can  be  assumed  to  occur 
in  the  free  atmosphere.  To  deduce  the  large-scale  ver¬ 
tical  motion,  the  operation  is  started  from  the  First  Law 
of  Thermodynamics: 

dO  (IT  1  (Ip 

(18)  - -  c„ - 

dl  (II  '>  dl 


where  c,,  —  specific  heat  for  p  —  constant. 


For  adiabatic 


dO  \  (  3T  dp  \ 

dl  I  \  3t  dt  I 

out  friction  eq,  (10)  is  reduced  to 
7T - Vp  j  V/,  ^c,,V/ir - V/.P  j 


conditions  without  friction  eq,  (10)  is  reduced  to 


(17)  v^c„VT - Vp  j  V/,  ^c,,V/ir - V/.P  j 

I  3T  I  dp  \ 

-|.  V,  c„- - ^  0 

\  3z  ti  3x  / 

Finally,  this  equation  is  solved  for  v„  giving  conside¬ 
ration  to  cq,  (4): 

3T  dp  dT  dp 

3x  3y  dy  3x 

(18)  Vj  = 

/  3T  g  \ 


(VT  X  VpJ  J. 


8T  ^  g  \ 

.  9z  c,,  / 

V P)  z-romiKl  [  /  " '  ” —  I 

,  V  ! 


When  not  disregarding  Iv^  in  the  x-component  of  Euler's 
equation,  an  additional  term  is  obtained  in  the  deno¬ 
minator  of  the  foregoing  eq.  (10),  which  can  be  disre¬ 
garded  for  nontroplcal  latitudes. 

Because  of  tlic  parallclity  of  the  three-dimensional  gra¬ 
dients  cq,  (15)  and  (18)  lender  the  following,  essential 
conclusion: 

I  In  tlic  layer  of  the  persistent  wind  maxi¬ 
mum  the  largescale  vertical  motion  is  zero. 


The  vectors  '77'  and  VP  used  by  W,  Atlmannspachcr  will 
now  be  contemplated,  Vp  (directed  downward)  stands 
nearly  perpendicular  because  the  vertical  pressure 


gradient  is  mucli  larger  than  the  horizontal,  and  it  tends 
slightly  to  the  lower  latitudes  because  dp/dy  is  nega¬ 
tive  above  the  earth's  surface,  A  somewhat  stronger 
inclination  of  the  temperature  gradient,  VT,  to  the 
same  direction  occurs  as  long  as  the  wind  Increases 
with  height.  In  the  layer  of  vanishing  large-scale  ver¬ 
tical  motion  VT  is  parallel  to  VPi  whereas  below,  it 
turns  toward  Vp  with  increase  in  height.  But  since  Vp 
is  not  exactly  perpendicular,  the  meridional  tempera¬ 
ture  gradient  cannot  be  zero  where  VT  is  parallel  to  Vp. 
The  conditions  in  the  (y,  zj-plane,  which  are  representa¬ 
tive  of  variations  In  the  zonal  wind,  are  suggested  by 
Fig.  2.  It  will  be  seen,  it  is  only  somewhat  above  the 


2 


Fig.  2:  Null  layer  and  airpcrlaining  homopycnic  layer 
(3T/5z  <  0) 

layer  of  maximum  wind  that  3T/5y  becomes  zero  and 
changes  its  sign.  There  is  only  a  very  small  deviation 
from  tile  vcrtieai  axis  of  Vp,  and  the  height  of  the 
vanishing  meridional  temperature  gradient  will  there¬ 
fore  be  only  a  little  above  that  of  the  wind  maximum 
layer. 

The  luycr  of  maximum  winds  where  the 
large  scale  vertical  motion  becomes  zero  is 
the  Null  layer,  found  by  H.  Faust  [7], 

C.  5 .  Slightly  above  the  Null  layer  Its  corre¬ 

sponding  layer  of  meridional  temperature 
balance  (9T/3y  —  Os  homothermlo  layer) 
is  situated. 

When  defining  layers  of  vanishing  meridional  isobarlc 
gradients  that  are  analogous  to  the  homothermie  respec¬ 
tively  homoijycnic  layer  found  in  the  z-system,  it  is  seen 
that  in  the  p-sysiom,  those  am  coincident  with  the  Null 
layer  which  is  already  known  to  be  barotropic.  In  other 
words,  wliile  the  p-system  shows  only  one  layer,  the 
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z-system  has  been  found  to  include  the  following  three 
layers,  listed  from  high  to  low  altitude:  • 

/  \ 

Homothermic  layer  • — -  =  o 

\3y  / 

Null  layer  fVT  X  Vp  =  0) 

Homopycnic  layer  /  \ 

resp.  pleistobaric  layer  ^  °  j 

It  must  be  recalled  that  this  is  not  a  fact  commonly 
noted  in  practical  meteorological  work,  which  is  almost 
exclusively  restricted  to  using  the  p-system. 

A  persistent  wind  maximum  (Null  layer)  requires 
3T/3y  to  clrange  its  sign  closely  above.  Fram  a  theore¬ 
tical  point  of  view  this  may  happen  to  occur  on  account 
of  a  layer  originated  from  radiation  and  situated  above 
the  Null  layer.  Without  investigating  the  physical 
possibilities  of  such  a  layer  realizing,  we  see  it  is  not 
necessary  to  introduce  it  in  our  model,  as  the  adiabatic 
temperature  changes  that  are  due  to  the  deduced  ver¬ 
tical  motion  are  considered  to  provide  sufficient  expla¬ 
nation. 

The  layer,  vT/Oy  “  0,  that  the  meridional  temperature 
gradient  changes  its  sign  in,  has  been  found  to  represent 
the  first  remarkable  deviation  from  the  working  hypo¬ 
thesis  (decreasing  3T/dy  with  altitude,  see  p.  5)  adopted 
heroin  due  to  the  basic  suppositions.  The  working  hypo¬ 
thesis  will  in  the  following  be  replaced  by  the  deviation 
derived  above. 


If  there  is  above  the  earth's  surface  warm  air  in  areas 

of  high  pressure  and  cold  air  in  those  of  low  pressure 

3po 

( - ■-  0),  the  differences  in  horizontal  pressure  grows 

3y 

with  increasing  height  (until  reaching  the  altitude  of  the 
homopycnic  layer),  and  the  resulting  wind  extreme  is  a 
west  wind  maximum.  Above  it,  the  isobarlc  temperature 
distribution  must  become  inverse,  since  otherwise  no 
wind  extreme  would  come  into  existence. 


C.8 


Any  persistent  wind  extreme  layer  will  in 
the  p-system  be  accompanied  by  a  charac¬ 
teristic  temperature  distribution  (quartered 
temperature  field)  which  will  be  prevalent 
also  in  the  z-system  provided  that  the  tem¬ 
perature  changes  caused  by  the  verlival 
motion  predominate  over  the  decreasing 
temperature  differences  caused  by  the 
heating  level. 


Theoretically,  there  may  be  a  persistent  wind  extreme 
showing  a  quartered  temperature  field  in  the  p-system 
(but  not  in  the  z-system);  however,  this  is  not  very 
likely  because  the  angular  difference  between  k  (ver¬ 
tical  unit  vector)  and  —  Vp  Is  very  small.  Such  case  will 
not  bo  rnn-siriored  in  the  following  discussions, 
it  has  been  .sliuwn  that  it  Is  only  the  vertical  motion  that 
accounts  for  the  maintenance  of  such  a  temperature 


distribution.  So,  if  there  is  a  persistent  wind  maximum, 
high  pressure  must  be  connected  witli  descending  motion 
and  low  pressure  with  ascending  motion  underneath  it. 
Continuity  reasons  lead  to  the  conclusion  that  there  is  a 
How  of  air  masses  from  low  to  high  pressure  area  in  the 
layer  of  the  persistent  maximum  wind.  For  its  discre¬ 
pancy  against  the  equation  of  gradientic  winds,  (3),  that 
flow  of  air  masses  is  called  'nongradientic*. 


In  the  Null  layer,  a  nongradientic  flow  of 
C,  7  air  masses  takes  place  from  the  high  to  the 

low  latitudes  (Null  layer  effect). 


Here  again,  it  is  important  to  note  another  fact.  The 
vertical  motion  whose  occurrence  has  been  found  to  be 
necessary,  will  according  to  eq.  (18)  exist  only  on  the 
assumption  that  37/ 3x  and  dp/dx  are  not  simultan¬ 
eously  equal  to  zero.  That  means,  however,  that  the 
straightly  uniform  zonal  conditions  are  departed  from, 
as  the  x-direction  is  defined  as  being  west-east.  Thus, 
derivatives  with  respect  to  x  show  other  values  than 
zero  only  if  the  isolines  of  the  respective  meteorological 
parameters  are  not  parallel  to  the  latitudes  (distur¬ 
bances). 

In  setting  up  a  model  of  the  atmosphere  this  paper  has 
so  far  been  concerned  only  with  mean  conditions  as  used 
lo  describe  the  general  circulation  of  the  atmosphere. 
Disturbances  of  the  general  circulation,  that  is,  the  high- 
pressure  and  low-pressure  areas,  which  are  negligible  in 
the  average,  have  not  been  taken  into  account.  However, 
as  deduced  by  other  authors  earlier,  it  has  been  found 
here  that  the  mean  general  circulation  —  although  only 
a  part  of  it  has  so  far  been  deduced  —  cannot  be  main¬ 
tained  but  by  departure  from  the  average  conditions, 
that  is  lo  say,  by  the  disturbances. 


C.8 


Disturbances  of  the  mean  general  circu¬ 
lation  are  necessary  for  the  maintenance  of 
this  mean  circulation. 


* 


The  foregoing  results  have  been  based  on  the  assumption 
that  the  pressure  gradient  is  equal  to  zero  on  the  earth's 
surface,  other  wcil-based  assumptions  not  having  been 
available.  A  modification  will  now  be  required: 


C.B 


The  nongradientic  flow  of  air  ntasses  from 
the  low-pressure  area  (polar  region)  to  the 
high-pressure  area  (low  latitudes)  that 
takes  place  at  the  height  of  the  Null  layer 
will  cause  air  pressure  on  the  earth's  sur¬ 
face  to  drop  in  the  polar  region  and  to  rise 
in  the  low  latitudes.  In  the  mean,  west 
winds  will  consequently  arise  on  the  earth's 
surface. 


The  flow  of  air  masses  taking  place  at  the  height  of  the 
Null  layer  from  the  polar  region  to  the  lower  latitudes 
must  be  compensated  at  another  height  because  other- 
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wise,  the  mci-idional  pressure  gradient  would  increase 
steadily.  The  discussion  of  this  requires  another  basic 
fact  to  be  employed  which  has  not  as  yet  been  used,  viz., 
the  friction  of  the  air  on  the  earth's  surface,  which 
increases  with  the  wind  speed.  This  friction  causes  the 
actual  wind  speed  to  become  subgradlentic,  that  Is, 
lower  than  the  speed  obtained  from  the  gradientlc  wind 
equation  (3).  The  stronger  the  friction  (the  higher  the 
wind  speed),  the  more  subgradlentic  the  wind  will 
become. 

The  Coriolis  force  which  under  stationary,  frictionless 
conditions  balances  the  meridional  pressure  gradient, 
weakens  on  the  existence  of  friction,  so  that  the  wind 
near  the  surface  has  a  component  toward  low  pressure 
(polar  region). 


C,  10 


Subgradlentic  winds  will  near  the  earth's 
surface  cause  a  flow  of  air  musses  to  take 
place  from  the  low  latitudes  towards  the 
polar  region.  This  flow  decreases  with 
altitude. 


Air  masses  in  the  Null  layer  flowing  toward  high 
pressure,  the  wind  in  this  layer,  must  be  supergradien- 
tic,  that  is,  its  speed  must  be  higher  than  would  corres¬ 
pond  to  eq.  (3)  (gradientlc  wind  equation).  This  flow  of 
air  masses  toward  high  pressure  decreases  with  in¬ 
creasing  distance  from  the  Null  layer. 


Between  the  earth's  surface  and  the  Null 
layer,  there  must  be  a  layer  where  no  flow 
of  air  masses  takes  place  between  high- 
pressure  and  low-pressure  areas,  1.  e..  where 
gradientlc  winds  prevail  (socalled  level  of 
non-divergenoe). 


It  is  also  noteworthy  that  the  opposite  flows  of  air 
masses  near  the  ground  and  In  the  Null  layer  are  not 
always  of  the  same  value.  First,  there  may  be  other 
nongradicntic  flows  of  air  masses  at  higher  altitudes  and 
second,  those  may  temporarily  predominate  over  one 
another,  causing  the  meridional  pressure  gradient  to 
change.  Such  occurrence  will  not,  however,  prevail  over 
a  long  period.  If  the  predominant  flow  is  that  at  the 
height  of  the  Null  layer  (Null  layer  effect),  stronger 
west  winds  will  arise  and  owing  to  the  heavier  surface 
friction  cause  the  flow  near  the  ground  towards  the 
polar  region  to  be  stronger  and  of  a  balancing  nature, 
and  vice  versa. 

The  Null  layer  effect  causes  the  air  masses  to  be  trans¬ 
ported  to  the  low  latitudes  whore  the  surface  pressure 
must  necessarily  rise  since  it  is  representative  of  the 
weight  of  the  whole  of  the  air  masses  above  the  ground. 
In  spite  of  the  fact  that  due  to  surface  friction  the  air 
masses  flow  towards  the  polar  region,  the  surface 
pressure  remains  high.  This  is  for  the  following  reason. 


A  flow  caused  by  surface  friction  and  going  towards  low 
pressure,  near  the  ground,  cannot  take  place  unless 


there  is  low  pressure  on  the  ground;  pressure  differen¬ 
ces  must  have  been  caused  by  Null  layer  effect  before 
the  flow  can  start. 


C.  12 


The  Null  layer  etfeoi  maintains  a  surface 
pressure  gradient  which  is  directed  from  the 
low  to  the  high  latitudes  (dpo/dy  <  0). 


The  foregoing  statements  that  have  been  reached  on  the 
assumption  that  9po/3y  =  0  will  in  the  below  chapters 
be  subjected  to  examination  as  to  whether  they  will  hold 
true  also  for  9po/ 9y  =j=  0.  We  may  anticipate  that  in  the 
case  of  dpe/dy  <  0  no  changes  will  arise  in  respect  of 
the  conclusions  relative  to  the  Null  layer. 

The  supposition  that  air  density  on  the  surface  is  higher 
in  the  polar  region  than  in  the  low  latitudes  is  based  on 
the  working  hypothesis  as  to  the  nonexistence  of  a  meri¬ 
dional  pressure  gradient  on  the  earth's  surface.  But  we 
have  found  that  9ps/9y  is  not  equal  to  zero,  and  Is 
negative.  Both  the  left-hand  side  of  eq.  (7)  and  the  first 
right-hand  term  of  ii  are  therefore  negative  (the  latter 
in  accordance  with  the  basic  facts).  So,  no  conclusion  is 
possible  regarding  the  sign  of  9pu/9y. 

A  proof  of  the  existence  of  a  positive,  meridional  den¬ 
sity  gradient  on  the  earth's  surface  would  thus  be  ne¬ 
cessary  (and  in  fact  sufficient)  to  convey  a  proof  of  the 
conclusions  made  relative  to  the  homopycnic  layer. 

In  the  low  latitudes,  the  increase  in  pressure  caused  by 
the  Null  layer  effect  will  in  turn  cause  density  to 
increase,  and  the  increase  in  temperature  caused  by  the 
descending  vertical  motion  will  cause  density  to 
docrer.oo;  analogous  conditions  apply  to  the  polar  region, 
vice  versa.  This  does  not  prove  whether  it  is  tho  tem¬ 
perature  or  the  pressure  that  has  a  predominant  effect 
upon  air  density  near  the  ground.  The  following  consi¬ 
deration,  too,  cannot  answer  this  question. 


If  wc  assume  the  effect  of  the  temperature  to  predomi¬ 
nate  with  respect  to  air  density,  yo  will  be  smaller  in 
low  latitudes  than  in  high,  which  in  turn  would  confirm 
what  was  said  in  the  earlier  deductions.  But  if  we  assu¬ 
me  tho  pressure  to  have  a  greater  effect  on  density  than 
the  temperature  has,  ya  will  bo  larger  in  low  latitudes 
than  in  high.  No  plelstobaric  layer,  and  on  the  basis  of 
the  above  conclusion,  no  Null  layer  would  be  provided. 
Further.  9pe//9y  would  result  to  be  zero  which  would 
render  higher  values  of  yg  in  the  polar  region  (eg.  (5)). 
The  second  assumption  seems  contradictory  and  only 
tho  first  is  left  for  operation. 

There  arc,  however,  additional  factors  whidi  have  to  be 
taken  into  account.  It  Is  not  without  the  additional  proof 
that  no  Null  layer  can  exist  without  the  homopycnic 
layer  that  the  above  consideration  is  correct,  and  to 
clarify  this  point,  a  number  of  other  facts  will  have  to 
be  considered  below. 
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Chapter  5:  The  Meridional  Gradients  of  Air  Pressure,  Temperature  and  Density 


Employing  cq.  (12) 

(12) 

^  \  _  9  I  P  92"  \ 

3z  Sy  dy  \  RT)  KT  Wy  T  dy  j 

we  want  to  determine  wliat  is  the  condition  of  dp/dy 
rising  with  height.  In  this  event,  the  right-hand  side  of 
eq.  (12)  must  be  negative  (since  9p/3y<0).  The  be¬ 
havior,  with  height,  of  the  meridional  pressure  gradient 
resuits  to  be 

an  increase  1  dp  >  1  dT 

constant  if  (19)  — - -  = - . 

a  decrease  p  9y  <  T  9y 

This  nonequation  will  be  of  considerable  importance  in 
the  following  investigations.  As  yet  no  contradiction  has 
arisen  to  it.  Both  the  gradients  are  negative,  that  means, 
If  3p/3y  is  to  increase  with  height,  the  relative  gra¬ 
dient  of  temperature  has  to  be  larger  aKsoliitely  than 
the  relative  gradient  of  pressure. 

The  denominator  of  eq.  (3)  (gradlontlc  wind  equation) 
includes  the  term  y.  Since  (/<?  increases  with  height, 
the  wind  speed  must  needs  increase  with  height  also  in 
the  event  of  the  meridional  pressure  gradient  keeping 
constant.  It  cun  be  further  concluded  that  there  may 
even  bo  a  slightly  decreasing  meridional  pressure  gra¬ 
dient  with  height,  while  notwithstanding  the  wind  speed 
increases  with  height.  The  point  therefore  is  to  which 
extent  — dp/dy  has  to  decrease  with  height  so  as  to 
preclude  the  occurrence  of  a  wind  maximum.  This  is  the 
case  if 

3v/  t  /  d^p  }  dp  do 

(13)  -  - - - - 

dz  fij  \  3z  dy  Q  dy  dz 

remains  negative,  v^,  then,  steadily  decreasing  with 
increasing  height.  The  term  enclosed  by  parentheses 
must  therefore  be  positive,  that  is, 

dzp  I  dp  dp 

(20)  -  > - =  A 

dz  dy  p  dy  dz 

(Condition  of  wind  speed  decreasing  with  increasing 
height). 

Both  dp/dz  and  dp/dy  being  negative  renders  none¬ 
quation  (20)  positive  at  the  right  hand,  viz.,  A  >  0.  The 
opposite  noncquality  sign  in  noncquatlon  (20)  represents 
an  increase  of  wind  speed  with  height;  and  Anally,  in 
the  case  of  d^p  /  3z  3y  <  0,  whiclr  is  identical  with  the 
upper  noncquality  sign  in  (19),  even  the  meridional 
pressure  gradient  increases  with  height.  When  referring 
the  foregoing  considerations  to  each  point  of  an  air 
column,  lluee  possible  cases  arc  obtained,  viz., 


32p 

I) - >  A 

dz  dy 


32p 

II)  A  >  - - >  0  ; 

dz  dy 


d^p 

III) - <  0 

dz  dy 


As  long  as  this  condition  pre¬ 
vails,  both  wind  speed  and 
horizontal  pressure  gradient 
are  decreasing  with  increase  in 
height.  Wind  speed  passes 
through  zero  (level  of  pressure 
equalization  =  homobaric  layer) 
to  Increase  in  the  opposite  di¬ 
rection,  which  mathematically 
represents  a  change  to  negative 
values. 

Wind  speed  Increasing,  whereas 
horizontal  pressure  gradient 
decreasing  with  height. 

Both  wind  speed  and  horizontal 
pressure  gradient  increasing 
with  height. 


For  each  of  these  cases  (for  ease  I,  however,  only  up  to 
the  level  of  pressure  equalization),  It  is  dp/dy  <0. 

92p  dp 

It  has  been  shown  that - =  —  g - 

dz  dy  dy 

which  renders  dp/dy  strongly  negative  for  case  I, 
slightly  negative  for  case  II, 
positive  for  case  III. 


In  case  I,  the  sign  of  dp/dy  is  equal  to  the  sign  of 
dp/dy.  The  required  term  is  the  sign  of  dT/dy.  Intro¬ 
ducing  cq.  (7)  and  (1)  in  noncquatlon  (19)  gives  the 
following: 


or 


dp  dp  dp 

dz  dy  dy 


/ 

dp 

dp 

dp 

dT  dp  dp 

_  ^  _  _ 

RT 

dz 

dy 

T 

5z 

dy  dy  dz 

dp 

dp 

_ •j' 

(  3p  dT 

>  P - - - 

1  dz  dy 

dy 

u 

Oz 

dz  i 

dT 

' 

This  furnishes  two  solutions  for  3T/3y: 

la)  dT /  dy  >  0  (unlimited  value) 

dT 

dT  dz  dp 

lb)  0  >  - -  > - 

dy  dp  dy 

dz 
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Use  of  cq.  (7)  shows  the  following  behavior  of  dg/ dy: 

dg  g  Sp  t  3g  t  dp 

Case  la:  -  <  — -  ; - < - 

9y  p  9y  g  dy  p  9y 


dg 

g  dp  dg  dz  dp 

Case  Ib;  —  - - -  <  -  < - 

p  dy  dy  dp  dy 


dz 

the  right-hand  term  of  the  latter  double  nonequation 
representing  the  left-hand  term  of  the  noncquatlon  of 
definition  of  case  II.  Hence,  case  I,  where  both  wind 
speed  and  pressure  gradient  decrease  with  height,  must 
be  divided  into  two  separate  cases. 


dp  dg  dT 

Case  la;  sign - =  sign - =f=  sign - 

dy  dy  dy 

dp  dg  dT 

Case  Ib:  sign  • — -  =  sign - =  sign - 

dy  dy  dy 


In  case  11,  where  increasing  wind  speed  Is  accompanied 
by  decreasing  —  3p/3y  with  height,  the  following  is 
obtained: 

1  dp  dg  dg 

- _>__g -  >0 

g  dy  dz  dy 

which  by  the  use  of  eq.  (7)  yields 


JiT  dg  dg  dy  dg  dT  dg 

- 4-  g  - - -  +  n - >  0  >  g - 

g  dz  dy  dg  3z  3y  dy 

dg 

Since  g -  <  0  satisfies  both  cases  I  and  II,  the 

3y 

second  nonequality  sign  ctm  be  ignored. 

The  factor  by  whlcli  dg/dy  Is  to  be  multiplied  is 
m  dg  dT 

g  + - which  can  also  bo  written  —  K - . 

g  dz  dz 


Hence, 

do  dT  ^  dg  dT 
dy  dz  dz  dy 
The  first  three  terms  being  negative,  dT /  dy  must  be 


>  0 


negative,  too.  Analogous  to  case  Ib,  the  expression  thus 
obtained  for  case  II  Is; 

dp  dg  dT 

sign - -  sign -  ^  sign - . 

dy  3y  dy 

dT/dy  must,  however,  be  stronger  negative  In  case  II 

than  In  case  I,  viz., 

dT 


dT  dz  dg 

- < - (left-hand  limit:  Fig.  3) 

dy  dg  dy 


dz 

This  noncquatlon  may  be  expressed  by  the  parameters 
T  and  p  (use  of  oq.  (7)); 

dr  i  dT 

dT  dz  dg  T  dz 

^  i  n  3p  dT  \ 

dz  T  \  R  dz  '  dz  ) 


Then,  after  multiplication  by  the  negative  denominator 
and  consequent  reversion  of  the  nonequality  sign,  the 
result  is: 

3r  / 1 

3y  Ifl 
or 

dT  dp  dz 

dy  dy  dp 


dp  3T  dT  \  I  3T  9p 

dz  dz  dz  )  R  dz  dy 


dz 

The  last  nonequation  and  the  last  but  two,  which  com¬ 
pares  dT/dy  with  dg/dy,  must  not  lead  to  the  conclu¬ 
sion  that  their  right-hand  sides  are  mutually  equal.  It 
must  not  be  disregarded  that  dT  /  dy  is  implicit  In  both 
of  these.  If  this  were  not  so,  a  relation  representing 
barotropic  conditions  would  be  obtained. 

We  must,  however,  now  consider  nonequation  (19)  which 
says  that  dT/dy  cannot  be  of  unlimited  value.  Case  II, 
where  there  still  is  a  decreasing  pressure  gradient  with 
height,  shows  the  following: 
dT  T  dp 

-  > - (right-hand  limit;  Fig.  3) 

9y  p  3y 

which  sets  a  limit  for  dT/dy  with  respect  to  the  other 
side.  Hence,  the  limits  for  case  11  can  be  written  as 
follows: 

dT 


T  dp  3T  dz  dp 

p  dy  dy  dp  dy 


dz 

As  for  case  III,  where  wind  speed  as  well  as  pressure 
gradient  are  increasing  with  increasing  height, 

—  g  -  <  0.  dp/dy  being  less  than  zero,  3T/3y  must 
dy 

bo  negative  due  to  cq.  (7),  and  as  a  consequence,  the 
condition  in  case  III  Is  that 

dp  dT  dg 

sign -  =  sign - sign  . 

3y  3y  3y 

Eq.  (7)  requires  dT/dy  to  be  stronger  negative  than 

T  dg 

- — — ,  which  again,  since  dp/  dy  must  keep  minus, 

g  dy 

yields  nonoouation  (19). 

dT  T  dp 

dy  p  3y 

Hence,  the  strongest  negative  value  of  dT  /  dy  Is  reached 


In  case  III. 


C.  13 


Investigation,  in  the  z-system,  of  the  ver¬ 
tical  profiles  of  the  meridional  pressure 
gradient  and  of  the  scalar  wind  provides 
four  substantially  different  sets  of  the 
meridional  gradients  of  p,  g  and  T. 


For  complement's  sake  another  method  is  shown  below 
by  which  to  obtain  the  same  results, 
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The  alternatives  of  the  wind  speed  Increasing  and  de¬ 
creasing  with  height  be  defined  by  eq.  (13a)  and  (15), 
wherein  3vj;l  5z  is  expressed  in  the  (T,  p)  and  (p,  p)  form 
respectively.  This  gives  the  same  limits  for  dTldy  and 
3p/9y,  as  those  deduced  above.  If  in  these  equations 
dTldy  and  3gt5y  are  alternately  made  equal  to  zero, 
it  appears  that  3T/9y  =  0  can  occur  only  In  the  event 
of  decreasing  wind  speed  with  height,  while  9e/9y  =  0 
can  occur  only  in  the  event  of  Increasing  wind  speed 
with  height. 


Below  are  presented  the  conditions  necessary,  and  suffi¬ 
cient,  for  each  of  the  four  sets  occurring.  The  relations 
of  the  signs  as  well  as  the  nonequations  having  the 
absolute  value  signs,  are  Independent  of  the  direction 
of  the  y-aX'is.  The  respective  nonequations  shown  be¬ 
neath  apply  to  neg.  9p/9y.  Pig.  3  presents  the  results 
in  another  form.  The  nonequation  system  (21—24)  as 
well  as  Figure  3  hold  for  negative  value  of  the  vertical 
temperature  gradient  only.  (Regarding  positive  vertical 
temperature  gradient  see  page  38.) 


Definition  Equations  for  the  four  Sets  (9T/9z  <  0) 


Set  la 

3p 

do 

9T 

(21) 

sign - 

=•  sign  —  4=  sign -  i 

3y 

9y 

9y 

dp 

3e 

3t 

■ -  <  0; 

-  <  0; 

- -  >  0 

9y 

ay 

3y 
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Chapter  6:  The  Meteorological  Interpretation  of  the  Results  Deduced  in  Chapter  5 


Any  point  in  the  atmosphere  can  be  characterized  by  the 
sets  being  deduced  in  the  previous  chapter.  For  mean 
conditions  in  the  atmosphere  justly  continual  conditions 
can  be  assumed,  thus  each  set  has  to  show  a  definite 
vertical  range  ot  validity.  Based  on  the  physical  connec* 
tions  between  the  particular  meteorological  field  (unc¬ 
tions  and  their  dcrivates  a  systematical  vertical  sequence 
of  the  set  ranges  is  resulting,  as  it  will  be  shown  in 
chapter  12. 

The  set  adjoining  directly  on  the  heating  level  (earth's 
surface)  in  case  of  undisturbed  conditions  and  introd¬ 
ucing  this  sequence  will  be  called  “bottom  set"  for  the 
purpose  of  marking  the  condition  of  the  atmosphere. 

In  set  la  the  higher  temperature  is  accompanied  by  low 
pressure,  this  Is  not  consistent  with  our  basic  facts  if 
this  set  adjoins  on  the  earth's  surface. 

Bottom  set  la  cannot  be  realized  for  mean 
conditions. 

Particular  attention  should,  however  be  paid  to  sets  Ib 
and  II.  They  have  no  equivalent  in  the  p-system  which 
is  almost  exclusively  used  in  meteorology.  Deductions 
analogous  to  that  of  chapter  5  would  only  yield  2  sets 
in  the  p-system  being  formally  equivalent  to  the  sets 
la  and  III  with  meridional  gradients  formed  within 
constant  pressure  levels.  In  this  case  density  is  a  func¬ 
tion  of  the  temperature  only  and  its  gradient  is  contrari- 
ly  to  the  meridional  temperature  gradient;  therefore  ono 
distinctive  mark  vanishes.  Consequently  the  sets  lb  and 
la  could  not  be  separated  unless  by  means  of  the  geo- 
potontlal  4>  (=  g  ■  z),  sets  II  and  III  could  not  separated 
either. 

Bottom  set  Ib  represents  a  warm  high 
pressure  area  and  a  cold  low  pressure  area 
C.  15  respectively,  with  wind  speed  decreasing 

with  height.  Consequently  it  cannot  be 
realized  for  mean  conditions. 

Bottom  set  Ib  docs  not  provide  a  Null  layer  and  causes 
the  pressure  differences  to  equillzo,  thus  leading  again 
to  the  prerequisites  to  the  development  of  sets  II  or  III. 

In  respect  of  the  sets  Ib  and  II,  where  the  meridional 
pressure  gradient  decreases  with  height,  another  essen¬ 
tial  conclusion  may  he  drawn: 

II  In  the  sets  Ib  and  II  the  decrease  in  pres- 
I  sure  with  Increasing  altitude  takes  place  at 
I  a  faster  rate  in  warm  air  than  In  cold  air. 

This  cannot  be  directly  inferred  from  the  p-systom  and 
therefore  may  appear  strange.  The  decrease  of  pressure 
with  height  can  be  derived  from  eq.  (1)  (hydrostatic 
equation),  and  so  is  proportional  to  the  air  density:  in 
the  sets  Ib  and  11,  warm  air  shows  higher  density.  Not 
being  directly  apparent  in  the  p-system,  it  is  not  surpris¬ 


ing,  then,  that  these  cases  are  not  known  from  synop¬ 
tical  experience. 

The  above  would  show  that  merely  the  sots  II  and  HI 
on  the  earth's  surface  can  be  used  for  further  study  in 
establishing  an  atmospheric  model  of  the  extratropicai 
latitudes,  whicli  at  first  is  naturally  restricted  to  average 
conditions.  Later  studies  may  show  if  the  sets  la  and  Ib 
are  being  Important  for  unstatlonary  conditions  near  the 
surface.  Just  the  remaining  sets  leave  open  the  problem 
arisen  at  the  end  of  Chapter  4:  set  II  requires  the  meri¬ 
dional  density  gradient  to  be  negative,  while  set  III 
requires  it  to  be  positive.  Set  III  has  been  used  as  a 
Working  hypothesis. 

'fhe  difference  between  set  II  and  set  III  .is  as  follows: 

}  5p  ^  1  ST 

(19)  - > - 

P  3y  T  9y  3et 

1  3p  1  3T  I  II 

resp.  —  -  "T  — - I 

p  9y  T  ay  1  HI 

Both  gradients  being  negative,  superiority  in  respect  of 
the  air  density  gradient  Is  exercised  by  the  pressure 
gradient  in  set  II,  while  by  the  temperature  gradient  in 
set  III.  In  other  words,  if  the  value  of  the  relative  pres¬ 
sure  gradient  is  higher  than  that  of  the  relative  tem¬ 
perature  gradient,  the  pressure  gradient  and  the  density 
gradient  will  have  the  same  direction  (set  II).  It  is  not 
Without  the  use  of  empirics  that  it  can  be  clearly  deter¬ 
mined  which  of  the  relative  gradients  (between  the  polo 
and  the  low  latitudes)  has  the  higher  value. 

The  basic  facts  that  have  been  Introduced  in  part  I 
Include  also  the  velocity  of  the  earth's  rotation  and  the 
radiative  conditions.  These  are  now  recalied.  In  1947 
11.  Paual  |8]  showed  —  other  theoretical  publications  on 
tbo  subject  by  H.  Lcllau  |9, 10]  and  F.  WIppermann  fU] 
followed  —  that  with  other  conditions  being  equal,  the 
differences  in  air  pressure  would  be  greater  if  the  earth 
Were  rotating  at  a  faster  rate  (increasing  Coriolis  forcel). 
Analogously,  the  temperature  differences  between  the 
hlgli  and  the  low  latitudes  would  be  greater,  with  other 
conditions  being  equal,  if  the  earth's  axis  had  a  stronger 
inclination. 

Since  so  far  no  result  has  been  obtained  that  is  contra¬ 
dictory  to  set  II  or  set  III,  these  must  be  considered  to 
occur  under  particular  circumstances.  The  mean  con¬ 
dition  depends  upon  the  ratio  between  the  probabilities 
of  the  occurrence  of  these  two  seta  (for  the  distance  pole 
to  low  latitudes),  and  this  seems  to  be  a  function  of  the 
two  abovementioned  basic  facts,  i.  e.,  the  velocity  of  the 
earth's  rotation  and  the  slope  of  the  earth's  axis.  The 
earth  rotating  nt  a  faster  rate  would  cause  the  proba¬ 
bility  of  the  occurrence  of  set  II  to  rise,  while  a  stronger 
slope  of  the  earth's  axis  would  cause  the  probability  of 
tire  occurrence  of  set  III  to  rise. 
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Chapter  7 :  The  Hotnopycnic  Layer  in  Bottom  Sets  II  and  III 


No  meteorological  parameter  can  grow  beyond  all  limits. 
It  is  only  in  the  bottom  sets  11  and  III  that  the  wind 
maximum  that  has  been  deduced  in  diapters  3  and  4 
can  originate.  A  pielstobarlc  layer,  which  according  to 
eq.  (13)  must  be  underneath  the  layer  of  maximum  winds 
(Null  layer),  can  occur  only  in  bottom  set  III.  However, 
since  there  is  a  wind  maximum  In  bottom  set  II  as  well, 
we  again  meet  with  the  gap  referred  to  above  (p.  18). 

A  Null  layer  will  necessarily  occur  where- 
^  ever  a  pielstobarlc  layer  exists  (bottom  set 

HI);  It  can,  however,  occur  also  without  a 

pielstobarlc  layer  occurring  (bottom  set  II). 

Both  these  bottom  sets  originating  a  Null  layer,  this  has 
to  be  considered  as  being  existent  in  the  mean.  This 
furnishes  the  outstanding  proof  (chapter  4)  that  a  modi¬ 
fication  to  the  original  assumption,  9po/  3y  =  0,  will  not 
affect  the  results  attained  In  respect  of  the  Null  layer. 
According  to  cq.  (15)  and  (18)  the  condition  both 
necessary  and  sufficient  of  the  existence  of  a  Null  layer 
has  been  offered  by  the  parallelity  of  the  three  vectors, 
VPi  VT,  Vp.  9p/3z  and  3^/3z  keep  negative  In  the 
whole  of  the  atmosphere,  and  the  meridional  gradients, 
dpidy  and  Sj/Sy,  must  therefore  have  the  like  sign 
within  the  Null  layer. 

It  has  been  shown  that  sign  $po/dy  —  sign  5qoI  5y  in 
bottom  set  11.  That  means,  since  9p/3y  does  not  cliange 
Its  sign,  3g/3y,  at  least  up  to  the  height  of  the  Null 
layer,  will  remain  unchanged,  too.  From  this  is  obvious 
again  that  In  bottom  sot  II  there  is  no  homopycnlc  layer 
beneath  the  Null  layer.  In  bottom  set  III,  however. 


understoud  owing  to  the  fact  that  above  the  homopycnlc 
layer,  which  represents  the  maximum  value  of  the 
meridional  pressure  gradient,  the  latter  decreases  with 
altitude,  although  high  pressure  Is  connected  with  warm 
air  and  low  pressure  with  cold  air  up  to  the  height  of 
the  Null  layer. 

In  other  words,  the  difference  between  bottom  sets  II 
and  III  Is  that  on  the  occurrence  of  the  former,  the 
homopycnlc  layer  has  sunk  down  to  “below  the  earth's 
surface". 

In  the  mean,  which  it  Is  our  primary  aim  to  deduce  here, 
the  bottom  sets  II  and  III  are  existent  side  by  side.  While 
a  Null  layer  is  provided  in  both  cases,  and  therefore 
exists  in  the  mean,  only  one  of  these  provides  a  homo- 
pycnic  layer.  So,  may  this  be  assumed  to  exist  in  the 
mean  as  well? 

A  collective  system  Is  assumed  to  be  composed  of  por¬ 
tion  A  at  a  Vo  and  of  portion  B  at  b  (=  100 -a)  Vo.  If 
each  element  of  A  possesses  the  same  characteristic  “C“ 
(here,  homopycnlc  layer),  while  each  element  of  B  lacks 
this  characteristic,  then  the  collective  system  possesses 
the  characteristic  “C“  in  the  mean  only  provided  that 
the  portion  B  has  not  compensated  It.  For  the  mean  of 
all  bottom  sets  11  and  III  a  homopycnlc  layer  may  be 
considered  to  exist  only  if  it  proves  to  be  causally 
necessary.  That  this  necessity  Is  not  given  can  be  seen 
from  finding  the  mean  of  one  each  single  bottom  set  II 
and  III,  When  deriving  the  mean  from  the  two  curves 
dp/ 3y  In  Fig.  4,  the  resulting  mean  curve  will  no  longer 
cross  the  zero  line. 


Fig.  4:  Averaging  two  bottom  sets 


where  sign  dp,,l  3y  sign  dQoldy,  3(j/9y  must  change 
its  sign  (homopycnlc  layer)  below  the  Null  layer. 

Thus,  the  validity  of  the  equation  of  condition  of  set  III 
expires  In  the  homopycnlc  layer.  Above  this  layer,  the 
conditions  In  both  bottom  sets  II  and  III  are  Identical, 
such  as.  e.  e..  decrease  of  pressure  with  height  being 
greater  in  warm  air  than  In  cold  air.  This  Is  easny 


Thus,  for  the  mean  of  all  bottom  sets  II  and  III  the 
existence  of  the  homopycnlc  layer  does  not  prove  cau¬ 
sally  necessary,  and  there  still  remains  open  the  problem 
of  the  sign  of  the  mean  3p/9y. 

In  the  following  Investigations  the  two  bottom  sets,  11 
and  III,  will  therefore  have  to  be  ascribed  equal  rights 
to. 
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Chapter  8:  The  Layers  of  Maximum  Meridional  Gradients  of  Air  Temperature 
and  Air  Density  above  the  Null  Layer 


other  modifications  to  the  basic  assumptions  have 
meanwhiie  proved  necessary.  In  bottom  set  III,  dg/Sy 
does  not  move  asymptotically  toward  zero  with  increas¬ 
ing  height  but  reaches  zero  aiready  in  Hg,  becoming 
negative  above  same.  Nor  is  the  basic  assumption  met 
by  the  connected  5p/3y,  which  shows  an  extreme  value 
at  the  height  of  Hg. 

The  negative  value  of  the  meridional  density  gradient 
cannot  grow  beyond  all  limits  above  the  homopycnie 
layer.  'Within  the  theoretical  equalization  layer,  at  a 
very  high  altitude  —  it  is  not  a  matter  for  dis¬ 
cussion  here  if  same  is  realized  in  nature  — ,  9g/ 9y  must 
be  equal  to  zero.  At  some  height  above  Hg  dg/dy  must 
therefore  reacli  a  (negative)  maximum  value. 

Bottom  set  II  has  shown  Og/Sy  to  keep  negative  below 
the  Null  layer.  At  first  an  asymptotic  approach  of  it  to 
zero  seems  possible  and  for  this  reason,  we  shall  ask  for 
the  general  conditions  of  the  occurrence  of  a  pleistopyc  • 
nic  layer. 

We  shall  employ  the  relations  connected  with  a  wind 
extreme  layer,  and  our  investigations  will  again  be 
restricted  to  the  zonal  component  of  the  wind.  In  order 
to  find  out  the  relative  position  of  the  Null  layer  and 
the  pleistopycnlc  layer,  the  behavior  of  3’g/  dzdy  at  the 
height  of  the  Null  layer  will  bo  considered. 

Another  derivative  of  eq.  (13)  with  respect  to  z  Is  formed: 
d^Vj  g  dg  3g  g  d\> 


(25) 


9z2 


/''• 


•) 


3g 


9z 

I 


3y 

9*g 


'h 


/<<  9y  9z 
/  3q  dvx 

g  9z  9z 


'The  condition  of  the  occurrence  of  a  Null  layer  renders 
the  last  member  of  this  equation  zero.  For  the  west 
wind  maximum  It  is  9*Vj;/9z*<0,  which  provides  the 
following  noncquatlon 

9*c  f  3g  3g 
0  9z 


(38) 


3v  3:: 

f  3*g 


3y 


_  ^  Y 

gg  \  3y.  } 


V/ 


1- 


g  9z* 

(for  the  layer  where  3vx/dz  =  0) 

Considering  the  Null  layer  conditions,  this  can  be  further 
simplified.  Eq.  (1)  and  (3)  render 
9p 
9y 


(27) 


9 

Vz  = - — 

/  3p 

9z 


Here  It  must  be  noted  that  a  Null  layer  is  connected 
with  the  parallelity  o.f  the  layers  of  constant  meteorolo¬ 
gical  parameters  (ef.  diapter  relative  to  Null  layer).  For 
(y,  z)-depBndence,  this  parallelity  is  designated  by 


(28)  — 


9a 

9y 


9y 


9a  9p 

9z  9z 

where  a,  ()  denote  two  parameters. 

Applying  the  above  to  p  and  g,  nonequation  (26)  reads 
as  follows; 

3p 

dg  1  /  3g  \’  3y 

5y  e  \  9z 


3^g 


< 


9y  9z 

/Vj 

-) - 


g 


I  3g 
g  Sz 
3‘g 
9z> 


9z 


where  the  first  two  terms  at  the  right  hand  can  be 
transformed  to 

3g  9p 

1  /  3g  y  dy  9y 

g  \  3z  /  5g  3p 

Sz  3z 

In  the  ease  of  a  wind  maximum  the  term  enclosed  by 
brackets  becomes  zero,  which  leaves 


(29) 


3\> 


/V,  3‘g 
9z* 


(for  - 


3vx 


0). 


Sy  3z  g  9z*  9z 

3g/3z  is  negative  and  In  the  mean,  its  value  decreases 
with  height.  Therefore,  9*e/9z*>0,  and  In  this  case, 

/  3‘g 

Vx  >0  applies  also.  For  a  simplification  —  Vx - 

g  Sz* 

is  introduced  and  the  expression  now  reads: 


(29  a) 


5*0 

Sydz 


<  tf/Z 


Hence,  the  layer  of  maximum  (negative)  dg/3y  may  be 
met  with  already  below  the  Null  layer.  But  since  an 
unlimited  number  of  negative  values,  while  only  a  li¬ 
mited  of  positive  values  (0  to  ip*)  are  available  for 
9*c</9z9y,  the  required  pleistopycnlc  layer  In  nature 
probably  is  more  frequently  situated  above  the  Null 
layer  rather  than  below. 

The  above  docs  not  offer  a  satisfactory  proof  and  another 
criterion  will  have  to  be  sought.  For  Null  layer  condi- 
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tions  (where  Svnl  3z  =  0,  among  others),  the  following 
is  obtained  by  use  of  eq.  (1),  (3)  and  (7): 
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Sy  T  \  fl  dy  ) 
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The  position  of  the  pleistopycnic  layer  relative  to  that 
of  the  Null  layer  is  found  from  nonequation 
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The  first  member  is  negative,  the  second  positive.  The 
latter  is  supposed  to  be  the  predominant  one,  as  already 
pointed  out  by  W.  Attmannspacher  in  [5], 

Nonequation  (30  a)  does  not  satisfactorily  determine  the 
position  of  the  pleistopycnic  layer,  either. 

It  Is  only  from  bottom  set  III  that  the  existence  of  this 
layer  has  cogently  resulted.  In  the  vicinity  of  the  Null 
layer,  3(t/Sy  has  the  like  sign  in  bottom  sets  III  and  II, 
as  would  appear  also  from  eq.  (31). 

3(1  t  3q  3vx 

(31)  -  =■ - vx  (for - =  0) 

3y  g  3z  Sz 

Although  bottom  set  II  docs  not  show  whether  or  not  n 
pleistopycnic  layer  develops,  the  effects  of  bottom  set 
III  cannot  be  compensated  in  the  mean  for  the  above- 
mentioned  reason,  and  contrary  to  what  was  said  in 
connection  with  Fig.  4.: 

II  In  the  vicinity  of  the  Null  layer,  and  pro- 
I  bably  mostly  above  it,  there  is  a  plelsto- 
I  pycnio  layer. 

* 

Somewhat  over  the  Null  layer  tho  meridional  tempera¬ 
ture  gradient  changes  Its  sign  and  becomes  positive,  this 
applying  to  both  bottom  sets  II  and  III.  Using  the  axiom 
that  no  meteorological  parameter  can  grow  beyond  all 
limits,  the  following  can  bo  stated:  — 

II  Above  the  Null  layer,  there  must  develop 
C.  19  a  layer  of  maximum  meridional  Icmpera- 

II  turc  gradient  (pleistoihermio  layer). 

It  will  now  have  to  be  ascertained  whether  the  plelsto- 
Ihcrmic  layer  is  above  the  deduced  pleistopycnic  layer 
or  whether  it  is  below. 


Forming  the  derivative  of  eq.  (7)  with  respect  to  z 
renders  the  following  for  the  layers  of  maximum  meri¬ 
dional  gradients: 
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In  the  pleistothermic  layer  3*7/  3z3y  =  0,  hence 

3‘l>  1/1  3‘p  3T  3e  ds  dT 

3z  3y  7  \  R  3z  3y  3z  3y  3z  3y 


where  the  first  term  at  the  right  hand  can  by  use  of  the 

(?  3e 

hydrostatic  equation  be  written  as - ;  then  the 

R  3y 

first  two  terms  render  jointly 
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Hence,  the  below  relationship  holds  In  the  pleistothermic 
layer: 
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The  positive  g/R  is  the  equivalent  of  the  negative  value 
of  the  vertical  temperature  gradient  of  the  homogeneous 
atmosphere;  37  /  9z  which  occurs  in  the  real  atmosphere, 
and  which  Is  negative  If  tho  earth's  surface  is  assumed 
to  be  the  only  heating  level.  Is  considerably  smaller. 

The  member  in  parentheses  at  the  right  hand  Is  positive. 
dglOy  being  negative  above  Hq  in  both  bottom  sets  II 
and  III,  the  first  right-hand  term,  including  the  sign,  is 
positive.  3e/3z  is  always  negative,  while  37/ 3y  is  posi¬ 
tive  above  the  homothermic  layer.  The  second  tei...  at 
tho  right  hand,  including  the  sign,  therefore  is  positive 
too. 

The  latter  equation  applies  only  to  the  pleistothermic 
layer.  So  3‘p/  3z3y  is  pn.sltlve  there,  and  since  3qI  3y 
Is  negative.  It  must  decrease  with  altitude  In  the  vici¬ 
nity  of  the  pleistothermic  layer. 

II  The  layer  of  maximum  meridional  (nega¬ 
tive)  density  gradient  (pleistopycnic  layer) 
I  is  situated  below  the  plelstotbermic  layer. 

The  abovededuced  results  show  that  with  increasing 
altitude,  the  layers  of  zero  (bottom  set  111  only)  and  ol 
the  maximum  of  the  meridional  gradient  are  reached 
first  by  the  air  density,  then  by  the  air  temperature. 


Chapter  9:  The  Influence  of  the  Vertical  Motion  on  the  Temperature 

and  Density  Fields 


The  vertical  motion  that  is  connected  with  the  Null 
layer  has,  in  turn,  an  influence  on  the  fields  of  the  me¬ 
teorological  parameters.  In  Fig.  5  the  .solid  lines  illustrate 
the  "undisturbed"  temperature  height  curves  for  high 
and  low  latitudes  below  the  Null  layer,  By  warming  due 
to  descending  air  in  the  low  latitudes,  and  cooling  due  to 
ascending  air  in  the  high  latitudes,  these  curves  are 
modified  in  such  a  way  as  represented  by  the  dashed 
lines.  On  the  earth's  surface  and  within  the  Null  layer 
no  change  of  temperature  takes  place.  The  original  tem- 


Fig.  S:  The  influence  of  the  large-scale  vertical  mollon 
on  the  meridional  lomporaturo  gradient 

peraturc  differences  at  half  the  altitude  between  earth's 
surface  and  Null  layer  bo  denoted  by  a/ 2,  while  the  tem¬ 
perature  differences  clue  to  vertical  motion  be  denoted 
by  'b';  then,  a  layer  of  maximum  meridional  gradient 
will  originate  if  2b  >  a/2.  Because  the  curves  repre¬ 
senting  the  original  temperature  conditions  diverge  as 
they  come  to  the  earth's  surface,  tlic  developing  plolsto- 
thcrmic  layer  will  be  situated  somewhat  below  the  layer 
of  maximum  vortical  motion. 

The  pleistothcrmic  layer  that  is  originated 
below  the  Null  layer  by  vertical  motion,  is 
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situated  underneath  the  layer  of  maximum 
vertical  motion. 

Validity  of  the  foregoing  result  is  not  restricted  to  the 
conditions  prevailing  between  the  high  and  the  low 
latitudes.  It  has  been  shown  earlier  that  there  is  a 
necessity  for  the  meteorological  parameters  m  deviate 
from  their  latitudinal  parallellty  (high-pressure  and 
low-pressure  systems).  The  result  also  holds  true  lor  the 
vertical  motion  within  the  disturbances,  and  Is  even  of 
primary  importance  for  these.  A  pleistothcrmic  layer 


that  is  situated  below  the  Null  layer  has  been  found  to 
exist  only  if  2b  >  a/2,  and  in  view  of  the  great  tem¬ 
perature  difference  'a'  between  the  high  and  the  low 
latitudes  it  is  unlikely  that  the  vertical  motion  originates 
a  plelstothermlc  layer  that  is  situated  between  the  Null 
layer  and  the  earth's  surface.  However,  the  "undi¬ 
sturbed"  temperature  height  curves  along  one  latitude 
coincide,  and  in  the  event  of  a  high-pressure  area  and  a 
low-pressure  area  developing  on  the  same  latitude,  a 
marked  plelstothermlc  layer  will  develop  below  the  Null 
layer.  Due  to  additional,  radiative  warming  within  the 
high,  'a'  will  be  different  from  zero  and  the  pleisto- 
thermlc  layer  will  be  situated  slightly  below  the  layer 
of  maximum  vertical  motion. 

The  deduced  necessity  of  the  existence  of  a  plelsto¬ 
thermlc  layer  below  the  layer  of  maximum  vertical 
motion  applies  to  the  sets  II  and  III  equally.  These  two 
sets  on  the  ground  must,  however,  be  separated  again 
when  the  problem  of  the  existence  of  a  plelstopycnic 
layer,  connected  with  the  plelstothermlc  layer,  is  being 
investigated.  While  the  temperature  gradient  normal  to 
the  flow  Is  negative  (towards  the  high)  in  both  cases, 
the  respective  density  gradient  is  negative  in  set  II,  and 
positive  in  set  III. 

Set  III  will  be  dealt  with  first. 


The  condition  in  the  pleistothcrmic  layer  below  Hp  is  as 
follows; 


(32b*) 


3p  /  9ii  has  been  defined  ns  being  negative,  this  feature 
Increasing  with  height.  The  positive  J/p  increases  with 
height,  which  renders  the  first  term  at  the  right-hand 
side  of  cq.  (32b*)  negative,  and  in  order  that  this  equa¬ 
tion  may  bo  equal  to  zero,  the  second  term  at  the  right 
hand  has  to  be  positive.  Differentiating,  and  considering 
the  sign,  renders 


T  3  I  9q  \  do  5  /  T 

£)  9z  V  9n  /  9n  3z  \  g 


T  /  g  Is  positive  and  increases  with  height,  and  for  this 
reason,  dl3z{Tlg)  is  positive  too.  The  nonequation  will 
not  be  satisfied  unless  3  !  3z  (Sg/  3n)  is  greater  than  zero. 
Since  3g/3n  decreases  with  height  in  the  plelstothermlc 
layer,  the  plelstopycnic  layer  cannot  be  above  the  same. 
The  following  applies  to  the  plelstopycnic  layer  by 
analogy  with  the  above: 
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1  dp 

- -  Is  negative,  and  its  negative  value  increases  with 

T  dn 

height.  The  first  term  at  the  right  hand  is  negative,  and 
to  satisfy  eq.  32a*,  the  second  term  has  to  be  positive. 
Differentiating  the  second  term  renders 


T  dz  \  3n  I  dn  dz  \  T  I 


According  to  definition,  dTIdn  is  negative;  g/T  Is  po¬ 
sitive  and  decreases  with  altitude.  Hence,  dldz(glT)  is 
negative.  The  nonequation  is  not  satisfied  unless 
dldz  (dT/dn)  is  negative;  that  means,  the  negative 
dr/dn  must  increase  with  height  in  the  pleistopycnlc 
layer. 
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The  layer  of  maximum  density  gradient 
normal  to  the  flow  Is  situated  slightly  un¬ 
derneath  the  layer  of  maximum  tempera¬ 
ture  gradient  normal  to  the  flow  (bottom 
set  III). 


In  set  III  the  signs  of  dTidn  and  dg/  dn  are  opposite 
below  Hg.  With  dp/ dn  assumed  to  keep  constant,  an 
increase  of  the  negative  temperature  gradient  must 
according  to  eq.  (7)  cause  an  increase  of  the  positive 
density  gradient,  and  vice  versa. 

In  set  II  both  the  gradients  dealt  with  show  the  same 
sign.  So,  with  dp  I  dn  assumed  to  be  constant,  intensifi¬ 
cation  of  one  gradient  normal  to  the  flow  would  have  to 
cause  weakening  of  the  other,  and  vice  versa.  However, 
since  we  cannot  say  if  dp/dn  will  indeed  keep  constant, 
this  is  not  a  cogent  result.  It  would  mean  that  below  the 
layer  of  maximum  temperature  gradient  there  would  be 
a  layer  of  minimum  density  gradient,  which  latter  it  Is 
for  the  first  time  that  we  have  to  consider. 

With  respect  to  the  mean  course  of  the  meridional 
density  gradient  in  the  vertical  range  considered  no 
final  statement  can  be  made  because  neither  the  course 
and  value  of  dg  /  dy  nor  the  relative  frequency  of  both 
bottom  sets  are  definitely  known.  Mean  conditions  are 
possible  with  failing  extreme,  with  a  (positive)  maximum 
or  a  (negative)  minimum  of  the  meridional  density 
gradient. 
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Chapter  10;  The  Influence  of  the  Inhomogeneous  Surface  of  the  Eorth 


The  earth's  surface  has  so  far  been  mainly  regarded  as 
a  heating  level  to  produce  a  meridional  temperature 
gradient.  To  be  able  to  see  what  an  influence  is  exerted 
on  the  surface  pressure  gradient  by  the  earth's  surface 
as  an  impenetrable  level  (ignoring  surface  friction  for 
the  time  being),  it  will  be  regarded  as  a  penetrable  level 
similar  to  differently  heated  wire  netting. 

A  later  part  (III)  of  this  analysis  will  show  that  at  a 
speciflc  altitude,  below  some  heating  level  in  the  free 
atmosphere,  a  layer  originates  in  which  the  meridional 
pressure  gradient  becomes  zero  (homobaric  layer).  Thus, 
through  the  earth's  surface  as  a  rigid  level,  a  thermal, 
static  pressure  equilibrium  cannot  be  reached  —  the 
meridional  pressure  gradient  remains  different  from 
zero. 

The  results  deduced  in  respect  of  the  dynamics  of  the 
planetary  circulation  hold  true  analogously  for  the 
system  of  high-pressure  area  —  low-pressure  area.  This 
analogy  may,  however,  be  deviated  from  due  to  the 
influence  exerted  by  the  inhomogeneous  surface  of  the 
earth;  in  the  planetary  system  the  horizontal  tempera¬ 
ture  gradient  near  the  surface  keeps  its  direction  in  the 
mean,  whereas  it  may  show  any  direction  between 
high-pressure  area  and  low-pressure  area,  due  to  the 
influence  of  the  Inhomogeneous  earth  surface.  Such  an 
influence  is  represented  by  the  change  of  the  ground 
underneath  wandering  pressure  systems. 

If  near  the  surface  the  temperature  arrow  is  positioned 
between  the  pressure  arrow  and  the  z-axls,  the  two 
arrows  as  they  move  upward  will  be  parallel  to  each 
other  at  a  certain  position.  In  such  cases,  at  this  speciflc 
altitude  which  chiefly  is  dependent  upon  the  respective 
temperature  differences  at  the  earth's  surface,  a  layer 
of  extreme  winds  can  develop.  This  con  only  be  a  layer 
of  minimum  winds,  for  this  extreme  is  below  a  wind 
maximum  and  there  is  no  other  wind  extreme  between 
them  (parallelity  of  arrows  p  and  T  on  Fig.  6). 

It  will  be  shown  in  later  chapters  that  a  layer  of  per¬ 
sistent  wind  minimum  too,  is  a  Null  layer,  that  is,  a 
layer  with  reversing  vertical  motion.  In  the  case  dealt 
with  here,  there  is  u  quartered  temperature  Held  in  the 
p-system;  but  there  is  none  in  the  z-system  because  of 
the  fact  that  the  temperature  arrow  in  Figs.  6a  and  8b 
keeps  always  to  the  left.  This,  for  example,  may  be  the 
case  in  winter.  The  criterion  regarding  vertical  motion 
used  here  has  been  deduced  for  adiabatic  eondltlon.s, 
which  do  not  apply  to  the  case  under  reference.  There¬ 


fore,  the  vertical  motion  will  not  be  discussed  here. 
Notice  only  tlie  following  statement: 
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Within  the  system  of  high-pressure  area  — 
low-pressure  area,  a  wind  minimum  often 
develops  in  the  lower  part  of  the  atmo¬ 
sphere,  If  there  is  a  relatively  small  tem¬ 
perature  gradient  near  the  earth's  surface. 
This  minimum  must  be  situated  under¬ 
neath  of  the  plelstoihermio  layer. 


The  behavior  of  9p/  3n  has  not  been  evaluated  yet  (the 
positive  n-axis  at  the  lower  boundary  of  the  undisturbed 
range  is  directed  from  the  center  of  the  high  to  the 
center  of  the  low).  When  taking  up  this  problem  we  are 
led  to  the  set  characteristics  defined  in  chapter  5,  Fig.  6 
offers  a  view  of  all  possible  combinations  that  are  In 
accordance  with  the  conditions  of  the  disturbances,  the 
dashed  line  showing  the  upper  boundary  of  the  disturb¬ 
ed  range.  The  foregoing  considerations  hold  for  a  wea¬ 
kened  dT  /  dn,  which  however  does  not  change  its  sign. 

Considerations  of  the  behavior  of  9p/  dn  above  the 
disturbed  range  makes  obvious  a  difference  within  the 
disturbed  range  Itself  (Figs.  6a,  6b). 
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In  the  surface-disturbed  system  of  high- 
pressure  area  —  low-pressure  area  with 
(ST/5n)o<0,  there  are  between  the  deve¬ 
loped  wind  minimum  and  the  Null  layer 
either  two  layers  of  vanishing  dg/dn,  one 
of  these  being  within  the  disturbed  range, 
or  no  sudi  layer. 


In  the  mean  planetary  system,  a  layer  where  dgldn  =  0 
corresponds  to  a  homopycnic  layer  and  therefore  will 
in  the  following  be  termed  ..analogical  homopycnic  layer" ; 
accordingly,  all  the  other  layers  of  the  y-system  will  in 
the  n-system  be  given  the  prefix  "analogical".  For  the 
sake  of  clear  arrangement,  the  analogical  plelstothermlc 
and  analogical  pleistopycnic  layers  have  not  been  plotted 
in  Fig.  6. 

Figs.  Oc  and  8d  indicate  the  situation  prevailing  In  the 
event  of  dT/dn  even  changing  its  sign  due  to  particu¬ 
larly  strong  surface  disturbances. 


In  the  surface-disturbed  system  of  high  — 
low,  with  (dTI dn)o>  0,  there  are  between 
the  developed  wind  minimum  and  the  Null 
layer  either  two  analogical  homopyonlo 
layers,  one  of  these  being  within  the 
disturbance  range,  nr  none.  Additionally, 
an  analogical  homothermlc  layer  is  present 
below  the  wind  minimum  In  each  such  case. 
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It  has  so  t'ar  been  assumed  that  the  surface  disturbance 
causes  (3T/3n)o  either  to  decrease  (Figs.  6a,  b)  or  to 
cliange  its  sign  (Figs.  Gc,  d).  Let  us  now  consider  the 
possibility  of  the  originaliy  existing  3T  /  9n  being  inten¬ 
sified  by  surface  disturbances.  Its  sufficient  inteusidca- 
tion  wili  cause  the  character  of  the  pressure  systems  of 
the  disturbance  range  to  change. 


Static  effects  obviously  cause  dynamic  processes  in  this 
case.  The  descending,  very  cold  air  causes  a  horizontal 
convergence  of  air  masses  in  its  upper  sphere  while  the 
ascending,  very  warm  air  causes  a  horizontal  divergence 
of  air  masses.  These  two  processes  may  occur  jointly  or 
individually;  in  either  case  an  individudal  circulation 
develops  within  the  disturbance  range.  The  mass  flow 
resulting  from  the  aforementioned  divergence  or  con¬ 
vergence  must  be  considered  the  cause  of  the  reversal 
of  air  pressure  differences  below  the  analogical  homo- 
baric  layer. 
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In  the  surface-disturbed  system  of  high  — 
low,  with  (dTl3njo<^0  and  (dp/3n)o  >  0, 
an  analogical  homobario  layer  develops 
within  the  disturbance  range.  Between  this 
layer  and  the  Null  layer  there  Is  an  analo¬ 
gical  homopycnic  layer  either  within  the 
disturbance  range  or  above  It. 


Since  the  earth's  surface  in  reality  is  a  rigid  and  rough 
medium,  the  wind  speed  is  considerably  decreased  in 
its  vicinity. 

II  It  the  deduced  wind  minimum  Is  situated 
C.  27  above  the  zone  affected  by  surface  friction, 

II  a  wind  maximum  develops  below  It. 

Z 


Formation  of  this  wind  maximum  as  a  cut-off  maximum 
is  Illustrated  in  Fig.  7.  Having  been  caused  by  an  addi¬ 
tional  force,  it  cannot  be  found  from  evaluating  the 
three  gradients. 
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Chapter  IT:  Details  of  the  Horizontal  Gradients 


When  replacing  in  eq.  (18)  the  (p,  T)-(orm  of  the  vector 
product  by  the  two  other  forms  from  eq.  (14),  the  follow¬ 
ing  is  obtained; 


RT 

(18b)  Vg  " - - (S/T  ^  ^ Q)  2-comp, 

le(Y  +  rj 

=  ,  ..T^'  ,,7  fVp  X  \7t>)  2-comp. 
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From  a  purely  mathematical  point  of  view  this  means 
that  the  vertical  motion  becomes  zero  also  In  the  level 
of  V/iS  =  0  But  as  the  homopycnlc  layer  does  not  repre¬ 
sent  a  zero  level  of  the  vertical  motion,  a  comparison  will 
be  made  between  the  two  statements  so  as  to  avoid 
thinking  difficulties. 


The  turn  to  zero  and  reversal  of  the  vertical  motion 
within  the  Null  layer  is  effected  by  the  parallelity  of  the 
vectors,  VPi  VT  and  Vp;  not  to  the  zero  condition  of 
any  of  the  vectorial  factors  of  (18)  or  (18b).  Up  to  this  we 
have  not  found  a  layer  where  any  of  the  three  horizon¬ 
tal  gradients  may  vanish  in  a  particular  case.  In  the 
system  of  planetary  circulation  the  homopycnlc  layer 
has  been  defined  as  3ji/3y  =  0.  Oq!  3x  as  well  becomes 
zero  in  the  mean,  and  it  is  only  in  the  mean  that  He 
indeed  represents  a  layer  with  V/it'  =  0.  However,  If  the 
moan  values  of  the  horizontal  gradients  were  placed  In 
the  equations  for  v,,  1.  c.  if  all  x-components  were  ren¬ 
dered  equal  to  zero,  the  vertical  motion  would  be  zero 
in  all  layers.  In  spite  of  the  fact  that  the  x-comiX)ncnts 
compensate  one  another  In  the  mean,  the  vertical  mo¬ 
tions  do  not;  this  Is  lor  tlie  reason  that  In  the  compo¬ 
nent  form  of  the  vector  products  any  derivative  with 
respect  to  x  possesses  a  weight  factor  showing  a  deriva¬ 
tive  with  respect  to  y. 

The  product  of  two  mean  values  is  equal  to  the  mean 
of  the  Individual  products  only  where  there  is  no  corre¬ 
lation  between  the  factors.  The  correlation  that  exists  in 
the  equations  for  v.-  will  be  commented  upon  In  n  later 
analysis. 

We  again  are  confronted  with  what  might  appear  to  bo 
strange  —  prerequisite  to  the  maintenance  of  the  mean 
conditions  are  deviations  from  them  (see  p.  17).  The  com¬ 
ponent  form  of  eq.  (18b)  reads  as  follows: 


/  3r  Se  dT  de 

\  dx  9y  9y  9x 

(18b)  vt  = 

I  5p  Se  3p  de 

\  9x  9y  9y  9x 

A  reversal  of  the  large-scale  vertical  motion  has  so  far 
been  observed  only  vertically;  there  must  be  areas  of 
opposite  vertical  motion  horizontally  also.  The  geometric 
locus  of  all  separating  lines  that  belong  together  would 
be  a  generally  curved  sloping  surface.  These  surfaces, 
in  conjunction  with  the  Null  layer,  will  separate  areas 
of  like-signed  vertical  muLiun  from  one  another. 

According  to  definition,  9p/9y  =  0  in  the  homopycnlc 
layer,  whereas  both  97’/9y  +  0  and  9p/9y  =1=  0  (see 
chapter  5).  In  this  layer,  vg  disappears  only  at  the  lines 
of  its  intersection  with  the  above-described  surfaces. 
Eq.  (18b)  requires  do  I  dx  to  be  zero  in  these  intersections. 
The  singular  places  in  the  homopycnlc  layer  at  which 
in  fact  Vh"  ~  0  are  represented  by  lines  that  run  be¬ 
tween  the  area.s  of  ascending  and  descending  air. 

It  is  for  the  first  time  in  this  study  that  we  meet  with  a 
metoorologic  characteristic,  Va?  =  0,  expressing  itself 
only  in  a  one-dimensional  form,  a  line.  Mathematically, 
this  is  however  easily  understood.  Vap  “  0  includes  two 
mutually  independent  conditions,  9()/9x'=0  and 
9»/9y  0.  That  geometric  form  in  the  three-dimen¬ 

sional  space  which  must  satisfy  only  one  condition  has 
two  degrees  of  freedom;  It  is  a  surface.  Thus,  two  mu¬ 
tually  independent  conditions  can  be  simultaneously 
satisfied  only  by  a  line,  which  Is  imagined  ns  the  inter¬ 
section  of  two  surfaces.  This,  of  course,  disregards  the 
contingency  of  the  two  conditional  surfaces  coinciding. 

Notice  also  that  the  above  results  hold  true  analogously 
for  the  homolhurmlc  layer.  The  cundllions  In  the  vici¬ 
nity  of  the  homobnrlc  layer  will  be  Interpreted  in  the 
next  chapter. 
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Chapter  12:  The  Conditions  at  Higher  Altitudes 


A  pleistopycnic  layer  has  been  found  to  exist  above  the 
Null  layer.  To  evaluate  the  conditions  at  still  higher 
altitudes,  the  system  o£  high  and  low  latitudes  will  be 
re-adopted,  1,  e.  the  disturbances  will  be  neglected  for 
the  time  being.  Above  the  pleistopycnic  layer  the  meri¬ 
dional  density  gradient  must  necessarily  decrease.  At 
these  altitudes  the  density  in  the  low  latitudes  is  greater 
than  in  the  high,  and  as  long  as  this  condition  remains, 
pressure  In  the  low  latitudes  must  decrease  with  height 
at  a  faster  rate  than  in  the  high  latitudes,  due  to  the 
hydrostatic  equation. 


homobaric  layer  the  disturbances  will  again  be  taken 
into  account.  The  component  form  of  eq.  (18a)  indicates 
that  the  vertical  motion  does  not  become  zero  In  this 
homobaric  layer  {9p/3y  =  0).  The  idea  suggests  itself 
that  3p/3x,  too,  becomes  zero  therein,  though  there  has 
not  been  found  yet  a  layer  where  the  two  gradientlc 
components  become  zero  simultaneously.  Our  assump¬ 
tion  is  that  the  vertical  motion  guided  by  the  Null  layer 
compensates,  and  finally  overcompensates  the  slope  of 
the  pressure  level,  which  too  is  Influenced  by  distur¬ 
bances.  It  has  been  shown  In  chapter  4  that  barotroplc 


This  Anally  makes  the  meridional  pressure  gradient  pass 
through  zero.  It  we  assume  the  meridional  density 
gradient  to  pass  through  zero,  the  meridional  pressure 
gradient  must  due  to  eq.  (7)  have  passed  through  zero  at 
a  lower  altitude  (Pig.  8),  because  the  meridional  tem¬ 
perature  and  meridional  density  gradients  then  are 
situated  at  the  same  side.  To  explain  that  the  tempera¬ 
ture  gradient  cannot  be  the  Arst  to  cross  the  zero  lino, 
we  recall  that  this  could  happen  only  if  there  were  n 
reversal  of  the  vertical  motion. 
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With  the  existence  of  only  one  heating 
level  (earth's  surface),  a  homobarlo  layer 
will  originate  at  higher  altitudes,  namely, 
above  the  plelstothcrmic  layer  that  is  pre¬ 
sent  over  the  Null  layer. 


For  a  thorough  investigation  of  the  conditions  near  the 


conditions  prevail  in  the  Null  layer.  The  temperature 
distribution  due  to  vertical  motion  above  the  Null  layer 
turns  the  pressure  level  on  a  horizontal  lino  In  it,  so 
that  it  comes  to  be  situated  in  the  horizontal  direction. 
However,  this  results  in  a  contradiction,  the  imaginary 
process  showing  the  horizontal  components  of  VT  and 
Vp  to  be  parallel  at  any  of  the  altitudes  under  consi¬ 
deration;  that  means,  there  Is  no  vertical  motion  (eq. 
(18a)).  Irrespective  of  the  contingency  of  a  pressure 
/  9p  3p  \ 

equalization  level  - = - =  0  )  occurring,  It  Is 

\  9y  9x  / 

apparent  that  the  condition  cannot  be  a  persistent  one; 
with  the  horizontal  wind  speed  vanishing  and  the  hori¬ 
zontal  tempprahire  gradient  not  changing  signiAcantly, 
the  vertical  motion  must  not  only  be  zero  but  also 
change  its  sign.  This  is  a  self-contradiction  —  a  Vertical 
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motion  leversal  annuls  the  temperature  field  whldi  is  a 
necessity  of  the  existence  of  a  pressure  equalization 
level  and  consequently,  of  the  reversal  itself.  It  be¬ 
comes  clear  again  that  with  the  existence  of  only  one 
heating  level,  the  pressure  equalization  level  cannot  be 
persistent. 

However’,  the  homobaric  layer  {Sp/dy  =  0)  can  be  ex¬ 
plained  without  any  contradiction  by  means  of  the 
cliaiige  in  the  wind  direction  with  increasing  height. 

On  account  of  the  small  value  of  3p/3y  the  components 
of  the  disturbances  dominate  In  a  certain  range  below 
and  above  the  homobaric  layer.  This  causes  the  wind  In 
tliis  range  to  shift  eastward  relatively  fast  without 
reacliing  zero.  The  vertical  motion  keeps  always  its  sign, 
but  does  not  reach  zero  in  the  homobaric  layer.  The 
direction  of  the  vertical  motion  is  given  by  the  vectorial 
form  of  eq.  (18a).  In  the  case  of  the  disturbances  having 
opposite  x-components,  analagous  conditions  with 
opposite  vertical  motions  apply.  The  turn  of  the  wind 
result  from  the  thermal  wind  equation  (eq.  (13)  expanded 
to  cover  the  horizontal  wind). 

3v/,  R 

-  = -  (Vr  X  VPIA 
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The  vertical  motion  does  not  reverse  within 
a  homobaric  layer. 

Hero  it  is  necessary  for  the  first  time  to  consider  the 
turn  of  the  horizontal  wind  with  height,  as  has  been 
repeatedly  postulated  by  //.  Dahler  (e.  g.  (12)).  A  subse¬ 
quent,  ossontinl  statement  results  regarding  the  Null 
layer.  Using  the  vectorial  approach,  v/,  =  v/ss  causes  the 
change  with  height  in  the  horizontal  wind  to  bo 

3v/,  dvh  Oa 

(34)  - - - S+V/i  — 

3z  3z  3z 

This  has  been  based  on  natural  coordinates,  where 
s  X  II  —  k.  a-  ^  1,  hence 
3s 

(35)  s  •  -  =  0 

3z 

Thus,  s  must  be  perpendicular  to  3s/3z.  (34)  therefore 
rc.'prcsents  the  decomposition  of  3va/3z  into  two  com¬ 
ponents  perpendicular  to  each  other,  which  both  must 
become  zero  to  cause  3va/  3z  to  vanish. 

When  defining  3a/ 3z  ns  a  turn  of  the  wind  with  height 
(positive  for  shift  in  a  counterclockwise  direction),  3s/ 3z 
can  be  designated  by 
38  5a 

(35)  - “n - 

3z  3z 

As  for  3ul5x,  the  following  relationship  holds  which  Is 
known  in  theoretic  meteorology;  — 

3«  gR 

(37)  -  ■  - fVT  X  p) g-cvtnp. 

5z  t‘p  V/,* 


This  is  found  from  the  statement  a  ==  arc  tg  v^/vx  by 
introducing  in  it  the  velocity  components  from  eq.  (4). 
Replacing  the  above  vector  product  by  that  from  eq. 
(18a)  renders 

da  g  /  3T 

(38)  -T-  k  = - - 

3z  v/,‘fT  \  3z 

According  to  definition,  the  following  holds  In  the  Null 
layer; 

Svj 

Vj  =  0;  -  =i=  0 

3z 

which  by  use  of  eq.  (38)  reads; 

5tt  3^a 

—  =  0;  -  4=  0 

3z  3z‘ 

A  rotation  vector  of  the  horizontal  wind  is  introduced, 
da 

d  = - k  which  according  to  (38)  is  proportional  to  the 

3z 

vertical  motion, 

d  ~  _  vj  k 

d  stands  for  the  real  shift  of  the  horizontal  wind  due  to 
ds 

VI, - =  d  X  v/i 

3z 

Hence,  v/,  shifts  in  a  clockwise  direction  with  height  If  d 
shows  downward,  and  conversely. 

Table  1  offers  a  view  of  the  connections  between  vj, 
Vik,  da/ dn,  d  as  regarded  Jointly  with  the  Null  layer. 
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Notice  that  Table  1  is  valid  only  with  respect  to  the 
Northern  Hemisphere.  As  f  shows  an  opposite  sign  in  the 
Southern  Hemisphere,  eq.  (38)  indicates  that  da/3z  gets 
the  sign  of  and  consequently,  Vj  k  and  d  arc  parallel 
to  each  other. 

The  only  presupposition  we  have  employed  in  deducing 
Table  I  is  the  reversal  of  the  vertical  motion.  No  use  has 
been  made  of  the  second  Null  layer  condition,  viz.,  the 
existence  of  an  extreme  of  the  horizontal  wind.  The 
behavior  of  the  horizontal  wind  thus  renders  a  new 
characteristic  of  the  Null  layer: 

II  In  the  Null  layer,  the  speed  of  the  horizon¬ 
tal  wind  shows  a  maximum,  and  the  wind 
I  direction  an  extreme. 


+  r  vjk 
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This  means  that  the  two  members  at  the  right  hand  side 
of  eq.  (34)  become  zero  Individually,  and  the  horizontal 
wind  vector  consequently  shows  an  extreme.  The  case 
of  the  minimum  of  the  wind  speed  which  eq.  (34)  further 
embodies  will  be  discussed  in  a  later  chapter. 

* 


Let  us  take  a  view  of  the  situation  above  the  homobarie 
layer.  After  having  passed  through  zero,  the  meridional 
pressure  gradient  rises  with  increase  in  height  towards 
the  positive  values  to  become  again  the  dominant  com¬ 
ponent  of  the  horizontal  pressure  gradient.  For  clearness* 
sake  our  consideration  will  therefore  be  conlined  to  the 
(y.  z)-plano.  $T  /  3y  keeps  its  sign  aiso  above  the  homo- 
baric  layer.  Since  9p  /  3y  changes  to  the  po.sitive  side 
(east  wind),  and  increases,  the  meridional  density  gra¬ 
dient  must  due  to  eq.  (7)  cross  zero  at  a  specific  height. 


Ilf  there  is  only  one  heating  level,  a  homo- 
pycnlc  layer  is  present  above  the  homobarie 
II  layer. 


Evaluation  of  the  three  meridional  gradients  at  a  posi¬ 
tion  somewhat  above  the  homobarie  layer  shows  the 
following,  de  I  dy  is  negative  and  its  value  decreases 
with  height;  3r  /  9y  is  positive  and  decreases  with  height, 
too;  3p/3y  is  positive  and  increases  with  height.  Thus, 
on  the  whole,  the  prevailing  conditions  arc  analogous  to 
those  on  the  earth's  surface  in  set  III,  except  that  the 
signs  of  the  individual  gradients  are  opposite  to  those  In 
the  latter  case.  Conclusions  in  respect  of  the  conditions 
above  the  homobarie  layer  therefore  can  be  adequate  to 
those  in  respect  of  set  III. 
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A  Null  layer  with  a  maximum  value  ot  the 
east  wind  originates  over  the  above-do- 
duoed  homopycnlc  layer  where  the  positive 
meridional  pressure  gradient  shows  a 
maximum  value, 


This  Null  layer  again  is  connected  with  a  change  in  the 
vortical  motion  and,  consequently,  in  the  meridional 
temperature  gradient. 


When  extending  these  Investigations  to  still  higher 
altitudes,  and  assuming  the  earth's  surface  to  be  the 
solo  heating  level,  alternating  zero  and  extreme  con¬ 
ditions  of  the  three  giudiunls  will  be  found  which,  as 
before,  are  always  situated  at  different  heights.  But,  ihc 
effects  of  the  heating  of  the  earth's  surface  weakening 
with  height,  the  amplitudes  of  the  gradients  "swinging" 
around  tho  zero  lino  must  decrease  with  height. 


With  the  existence  of  the  earth's  surface  as 
the  sole  heating  level,  regions  of  west  and 
cast  wind  alternate  In  the  vertical,  wherein 
the  wind  maximum  layers  represent  Null 
layers.  Separation  of  the  Individual  regions 
Is  by  homobarie  layers. 


V. 


7/77T77/7/////7T////////Z  * 


Fig.  10:  The  large-sralp  vertical  motion  in  a  swinging 
system 
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Fig.  S  presents  the  conditions  resulting  from  the  effects 
of  the  earth's  surface  as  sole  heating  level. 

The  existence  of  only  one  heating  level  causes  an  atmo¬ 
spheric  structure  that,  as  regards  the  vertical  behavior 
of  the  meridional  gradients,  is  similar  to  an  oscillation. 
It  Is  apparent  from  Fig.  9  that  the  3T/dy  curve,  in 
particular,  cannot  be  described  by  a  simple  sine  curve, 
as  due  to  the  behavior  of  the  vertical  motion,  two  plelsto- 
thennic  layers  with  Identical  sign  of  3f/9y  result 
between  two  Null  layers. 

Fig.  10  shows  particular  details  of  the  mutual  con¬ 
nections  between  geostrophical  wind,  the  change  of  It 
with  height  and  the  large-scale  vertical  motion;  the 
meridional  components  of  V/iP  (tor  v.c)  and  V/iT  have 
been  rcgai-ded  as  dominating  and  therefore  they  were 
additionally  plotted,  The  mathematical  basement  is 
given  by  eq.  (18a),  (37),  (3)  resp.  the  equation  of  the 
geostrophlc  horizontal  wind  proceeded  from  cq.  (4) 

1 

V/,  - - k  X  V/iP 

fe 

Corresponding  to  that  the  value  and  direction  of  the 
goostrophic  horizontal  wind  Is  given  by  J  /  /p  VaP,  whilst 
the  plane  between  the  vectors  SJi!T  and  M  fe  VhP  mul¬ 
tiplied  by  the  factor  (/'  +  dT/Sz)  represents  the  vertical 
motion.  To  the  figure  itself  it  is  to  say,  that  the  vertical 
sequence  of  the  arrows  is  given  at  specific  heights  but 
there  the  arrows  are  shown  In  the  horizontal  plane  with 


the  above  deflnated  coordinate  system.  The  altitudes  of 
maximum  vertical  motion  are  marked  by  the  sign  of  vj 
which  holds  for  a  point  within  the  northern  part  of  the 
system  high/low  latitudes  being  characterized  by  as¬ 
cending  air  in  the  lowest  part  of  the  dynamical  system. 

Fig.  3  shows  the  cases  from  chapter  5  to  undergo  an 
obligatory  sequence.  Fig,  9  indicates  that  this  obliga¬ 
tory  sequence  Is  present  also  in  the  “swinging"  atmo¬ 
sphere  along  the  vertical  axis,  in  the  sense  that  with 
Increasing  altitude,  the  sets  from  Fig.  3  are  passed 
through  from  the  right  to  the  left.  The  individual  sets 
are  separated  from  one  another  by  Null  layers  and  by 
layers  of  vanishing  meridional  gradients  of  pressure, 
temperature  and  density  (i.  e,  by  layers  of  vanishing 
meridional  gradients  In  the  p-  and  z-systems). 

In  case  of  the  existence  of  a  sufficiently 
strong  heating  level  the  vertical  distribu¬ 
tion  of  the  meridional  gradients  of  pressure, 
temperature  and  density,  as  well  as  of  the 
zonal  wind  and  the  vertical  motion  pos- 
sesses  the  form  of  an  oscillation  with  the 
amplitude  decreasing  upward.  In  moving 
upward,  the  sets  deduced  in  chapter  S  occur 
repeatedly  In  the  obligatory  sequence  of 
(III),  II.  Ib,  la;  III,  II  etc.  The  undisturbed 
conditions  Involve  the  bottom  sets  II  and 
III. 
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Ill  The  Upper  Boundary  of  the  Ozone  Layer 

os  Heating  Level 


Subpaii  A:  Summer 


The  purpose  of  this  Part  is  to  investigate  the  conditions 
to  arise  from  assuming  a  heating  level  to  exist  in  the  free 
atmosphere,  namely,  the  upper  boundary  of  the  ozone 
layer.  Again,  empirical  data  will  be  neglected.  The 


existence  of  another  atmosphere  system  for  which  the 
earth's  surface  is  a  heating  level  will  be  disregarded  up 
to  Part  IV,  when  the  results  to  forthcome  from  this  will 
be  combined  with  those  obtained  in  Part  II. 


Chapter  13:  The  Meridional  Gradients  in  the  Heating  Level 


The  upper  region  of  the  ozone  layer  absorbs  almost  the 
whole  of  the  sun's  longwave  ultraviolet  radiation.  The 
quantity  of  tliis  absorption  as  a  function  of  both  the 
geographic  latitude  and  the  season  is  placed  in  propor¬ 
tion  to  the  solar  radiation  values  at  the  upper  limit  of 
the  atmosphere  as  found  by  Milankovlteh  [13].  The 
absorption  of  the  solar  ultraviolet  rays  causes  a  plelsto- 
thermlc  layer  to  develop  in  the  upper  border  of  the 
ozone  layer.  In  summer  the  polar  region  is  conveyed 
more  solar  radiation  than  the  low  latitudes  (see  Fig.  11), 
which  renders  9T/9y  positive  then. 

Heating  is  not  confined  to  the  heating  level  but  can  be 
supposed  to  extend  upward  and  downward  in  the  course 


as  a  rigid  level,  Owing  to  the  heated  spaces  near  the 
ozone  layer  upper  border  the  constant  pressure  levels 
will  rise  In  the  high  latitudes.  The  Coriolis  force  prevents 
the  air  mosses  from  flowing  toward  the  lower  pressure. 
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In  the  upper  border  of  the  ozone  layer 
there  is  in  summer  a  meridional  pressure 
gradient  which  is  directed  toward  the  polar 
region  and  according  to  eq.  (3)  is  connected 
with  east  wind. 


In  order  to  theoretically  find  the  sign  of  9p/  9y  in  the 
heating  level,  wc  must,  as  a  starting  point,  uso  the 
assumption  that  below  the  heating  level,  the  meridional 


Fig.  11:  Diurnal  sums  of  extrntcrrestrlcal  solar  radiation  as  a  function  of  latitude  and  season 


of  time,  with  3T/3y  decreasing  as  its  distance  from  the 
heating  level  increases. 

In  order  to  say  which  sign  5p !  3y  has  in  the  healing 
level  we  avail  ourselves  of  one  fact  from  the  lower 
atmospheric  regions:  the  existence  of  the  earth's  surfoce 


pressure  gradient  caused  by  it  fades  to  become  zero  at  a 
specific  altitude  (homobarlc  layer). 

If  the  effects  of  the  heating  level  had  a  merely  static 
nature,  the  homobarlc  level  would  at  the  same  thne 
have  to  be  a  homothermic  one.  But  so  that  dynarnlc 
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effects  may  not  be  precluded  from  the  beginning,  the 
two  layers  must  not  be  assumed  to  coincide. 

We  for  the  first  time  find  the  temperature  to  rise  with 
Increase  In  height.  To  simplify  matters  aT/9z  =  y  Is 
supposed  to  be  independent  of  height  over  a  given  place, 
and  to  enable  a  finite  temperature  equalization  to  occur, 
dT  /  dz  =  y  (y)  has  to  be  a  function  of  the  latitude. 

From  eq.  (1)  and  (2)  it  follows  that 

SP 

(39)  dp  = - dz 

RT 

With  y  constant  (here  positive),  the  temperature  at 
altitude  z  Hj  over  a  given  place  Is 


(40)  T  =  Tii-~y(H~z) 

for  2  —  0,  that  means  in  the  pressure  equalization  level 
(Pii  =  constant),  holds  T  =  To. 

We  introduce  eq.  (40)  into  (39)  and  take  the  integral 
between  the  limits  0  and  H; 


^  P"  _  ^ 

Po  Ry 


In(To  +  yz) 


II 

O 


For  the  sake  of  simplicity  the  indices  “H“  will  in  the 
following  be  left  out,  Substituting  the  limits  and  making 
allowance  for  eq.  (40)  finally  renders: 


ff  g 


This  equation  expresses  the  pressure  as  a  function  of 
the  tomporaturc  at  the  height  of  the  heating  level. 
Finding  the  partial  derivative  with  respect  to  y,  the  sign 
of  $q/  Sy  can  be  determined  on  the  basis  of  eq.  (7). 


To  differentiate  cq.  (41),  it  is  stated; 


g 

=  a  fyj ;  —  =  b  (y) 

Ry 

then,  the  following  relationship  la  employed: 


(42) 


nfy) 


bfyA’ 


0  (y) 


b(y) 


b'In 
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By  placing  a  (y)  and  b  (y)  in  (42)  the  following  is 
obtained: 


(  dp 

g 

p  dy 

IHL 

Ry' 

dT 

^  g 

V  T* 

dy 

Ry 
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3y  \  T  I 
11  ^  \ 
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yH/T  may  be  assumed  to  be  considerably  smaller  than 
1,  thus 


1.)  in 


H 


1 


t - 


yH 


■  1  +■ 


yH 


also,  the  terms  possessing  (yH/T)‘  can  be  neglected, 
which  renders 

1  3p  gH  1  dr  3y  (  gH‘  \ 

(44)  - - .  = - - 

p  Sy  Rr  T  3y  dy  \  RT‘  j 

This  equation  is  introduced  into  eq,  (7),  while  iTT/g  is 
replaced  by  Hi,  (which  imagine  as  the  height  of  a  homo¬ 
geneous  atmosphere  having  the  basic  temperature  T); 
hence, 

1  3e  _  1  dT  /  H  \  H  K  Sy 

V  3y  T  3y  Ua  /  Hi,  T  3y' 

3yl  3y  can  by  means  of  eq.  (40)  be  expressed  as 
^  ^  /  ST  ar„  \ 

9y  H  \  9y  9y  / 

which  finally  renders  the  following,  illustrative  form 
of  eq.  (45) : 

1  3q  1  /  H  3T„  5T  \ 

(46)  _  —  =  - - 

Q  dy  T  \  Hi,  dy  dy  / 

From  this,  the  sign  of  9(?/  9y  in  the  heating  level  can  be 
found 

9'>  >  9T  <  H  9T„ 

(47)  -  =  0,  if  -  = - 

dy  <  9y  >  Hi,  dy 

In  deriving  this  formula  our  assumption  has  been  that 
a  pressure  equalization  level  exists  at  a  finite  altitude 
below  the  heating  level;  another  has  been  that  the  ver¬ 
tical  temperature  gradient  remains  constant  over  a 
given  place,  but  not  in  the  y-direction.  These  restrictions 
—  which  certainly  are  not  weighty  —  allow  conclusions 
to  be  drawn  in  the  heating  level  with  respect  to  the  sign 
of  9e/9y.  Generally  speaking  a  negative  sign  of  dg/dy 
results  if  9T„/  dy  =  o  (static  conditions).  Chapter  14 
furnishes  a  positive  sign  of  3T „/ dy  and  also  an  additio¬ 
nal  possibility  of  variation  in  H.  Provided  the  tempera¬ 
ture  conditions  of  the  heating  level  and  of  the  homo- 
baric  level  f9T„/  9y  >  0)  remain  constant,  a  remarkable 
result  is  obtained:  The  smaller  (larger)  H,  the  more 
likely  a  negative  (positive)  dg/dy.  If  on  the  other  hand 
both  H  and  dT  /  dy  keep  constant,  the  probability  of  a 
positive  dijidy  increases  with  increase  in  9To/9y. 


C.  36 


In  the  summer  ozone  heating  level,  when 
only  considering  its  static  effects,  the  air 
density  must  increase  from  high  to  low 
latitudes.  When  taking  into  account  also 
the  dynamic  effects,  the  sign  of  dg!  dy  in 
the  heating  level  depends  upon  the  width 
of  the  vertical  range  on  which  Influence  is 
exerted  by  the  temperature  differences  in 
the  heating  level. 


Eq.  (47)  'hus  docs  not  provide  an  unambiguous  statement 
regarding  the  sign  of  the  mcridiutiul  density  grudiciil  ul 
the  upper  boundar-y  of  the  ozone  layer  and  consideration 
will  have  to  be  given  to  both  possibilities. 
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chapter  14:  The  Conditions  above  the  Heating  Level 


Above  the  heating  level  ST/Sz  is  again  negative,  and 
we  may  expect  the  same  layers  to  occur  as  above  the 
other  heating  level,  the  earth's  surface.  In  the  ozone 
heating  level,  a  positive  dQ/dy  corresponds  to  the  bottom 
set  II,  a  negative  Sg/  3y  to  the  bottom  set  III  (diapter  5), 
at  which  the  signs  of  the  meridional  gradients  now  are 
opposite  to  those  on  the  earth's  surface. 

In  summer  there  prevails  above  the  ozone 
heating  level  the  same  sequence  of  layers 
C.  37  as  above  the  earth's  surface.  The  appertain¬ 

ing  bottom  sets  are  not  required  to  be  the 
same. 

In  particular,  there  is  above  the  heating  level  a  per¬ 
sistent  east  wind  maximum  which  represents  a  Null 
layer  with  vertical  motion  reversal  and  nongradlentlc 
mass  flow  from  low  to  high  latitudes.  In  the  latter  Null 
layer  the  meridional  density  gradient  is  positive  —  inde¬ 
pendent  of  its  original  value  in  the  heating  level  —  for 


the  reason  that  the  meridional  gradients  of  the  three 
meteorologlc  parameters  have  to  have  the  like  sign. 
Thus  it  is  in  the  Null  layer,  for  the  first  time,  that  a 
definite  statement  as  to  the  sign  of  dQ/dy  is  possible. 
Owing  to  the  effects  of  the  Null  layer  new  angles  arise 
regarding  the  sign  of  dQ/dy  In  the  heating  level.  The 
nongradlentlc  mass  flow  makes  the  meridional  pressure 
gradient  intensify  at  the  upper  boundary  of  the  ozone 
layer,  which,  with  dT/dy  remaining  unchanged,  leads 
to  a  shift  of  dg/dy  in  the  direction  of  positive  values. 
The  Influence  of  the  vertical  motion  that  is  caused  by 
the  Null  layer  renders  the  positive  value  of  97’o/9y, 
which  has  already  been  used  in  the  previous  chapter. 
This  effect  acts  in  the  same  direction  in  respect  of  dg/dy 
in  the  heating  level.  The  above  considerations  may 
prove  to  be  of  significance  when  regarding  the  time- 
dependent  temperature  distribution  within  the  heating 
level. 
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Chapter  15:  The  Conditions  below  the  Heating  Level 


Consideration  will  now  be  given  to  the  conditions  below 
the  heating  level,  and,  first,  in  it  3e/9y  shall  be 
positive.  The  temperature  and  pressure  ditterences 
proceed,  weakening,  to  the  lower  altitudes;  dQjdy>o 
requires  according  to  eq.  (1)  dpl3y  to  rise  downward. 
But  this  cannot  take  place  continuously  since  It  is 
impossible  for  the  potential  energy  of  the  horizontal 
pressure  distribution,  being  a  function  of  the  strength 
of  the  heating  level,  to  rise  infinitely.  A  maximum  of 
the  horizontal  pressure  gradient  occurs,  at  which  dgtdy 
is  equal  to  zero,  and  changes  its  sign.  9p/3y  now  decrea¬ 
ses  with  decrease  in  altitude. 


C.  38 


With  3p/3y  positive  In  the  upper  border 
of  the  ozone  layer,  a  homopyonio  layer 
develops  below  same  in  summer. 


STIdy,  too,  decreases  with  decreasing  altitude;  there¬ 
fore,  if  9p/3y  is  negative  with  its  value  Increasing, 
3p/9y  ilnally  must  diange  over  to  the  direction  of 
Sy/By.  That  is  to  say: 

»A  homobario  layer  occurs  below  the  homo- 
pycnlo  layer. 


Below  it,  the  west  wind  increases  with  decrease  in  alti¬ 
tude  and  a  Null  layer  with  west  wind  finally  develops, 
in  which  VT  is  antiparallel  to  both  Vp  and  Ve  because 
of  3T  /  3z  >  0.  Hence,  a  pass  through  zero  by  the  meri¬ 
dional  temperature  gradient  occurs  somewhat  below  the 
Null  layer. 


C.  40 


If  dr/dz  Is  positive,  the  homothermlo  layer 
which  belongs  to  a  Null  layer  is  situated 
somewhat  below  this. 


In  the  case  of  the  existence  of  a  Null  layer,  the  same 
conditions  hold  good  for  a  negative  3q  1 3y  as  they  do  for 
a  positive  one  below  the  homopycnic  layer.  If  the  energy 
tnansformed  in  the  heating  level  is  not  so  strong  os  to 
create  a  Null  layer,  the  three  gradients  will  jointly  fade 
until  reaching  zero,  This  is  a  borderline  case  not  to  be 
discussed  here. 


honinthermic  layer  which  is  connected  with  the  Null 
layer,  and  does  not  affect  the  relative  positions  of  the 
plelstothermic  and  plelstopyenlc  layers  (see  eq.  (32)), 
because  in  the  free  atmosphere,  3T/  3z  is  always  smaller 
than  g/R,  Similarly,  the  relative  positions  of  the  other 
'pleisto'  and  ‘homo'  layers  are  Independent  of  the  sign 
of  the  vertical  temperature  gradient. 

The  sets  derived  in  chapter  5  have  been  applicable  to 
a  negative  vertical  temperature  gradient  which  has  been 
the  only  one  possible  In  case  of  the  existence  of  the 
earth's  surface  as  a  heating  level.  However,  a  positive 
dT /  3z  requires  a  modification  to  be  made  to  the  limits 
(Fig.  3),  B  changing  Its  sign.  The  new  limits  can  be  found 
by  analogy  with  the  calculations  of  chapter  S.  Fig.  12 
shows  the  new  conditions  as  they  correspond  to  Fig.  3, 
and  also  applies  to  a  negative  3p/3y  (west  wind).  For¬ 
mally,  set  Ib  of  Fig.  3  (wind  and  meridional  pressure 
gradient  decreasing  with  height,  same  sign  of  the  three 
meridional  gradients)  is  superseded  by  a  set  to  be 
termed  II*  (wind  increasing  while  pressure  gradient 
decreasing  with  height,  sign  of  meridional  temperature 
gradient  opposite  to  those  of  meridional  pressure  and 
meridional  density  gradients).  This  designation  has  been 
chosen  so  as  to  enable  those  of  the  earlier  sets  to  be 
retained, 

Fig.  13  illustrates,  by  analogy  with  Fig.  9  (heating  level 
on  earth's  surface),  the  conditions  prevailing  l!  there  is 
only  one  heating  level  in  the  free  atmosphere. 

The  Importance  of  the  large-scale  vertical  motion  for 
the  development  of  plelstothermic  and  pleistopycnlc 
layers  has  been  fully  discussed  in  Part  11;  it  has  also 
been  shown  there  that  in  the  space  where  all  the  three 
horizontal  gradients  possess  the  like  sign,  there  cannot 
be  a  pleistopycnlc  layer,  whereas,  theoretically,  there 
can  be  a  minimum  layer.  The  latter  has  not  been  taken 
Into  account  on  Fig.  13. 

Comparing  the  results  attained  In  chapter  14  with  those 
of  chapter  15  permits  the  following  conclusion: 


So  far  the  space  below  the  heating  level  has  been 
impliedly  understood  to  be  sufficient  to  cause  the 
swinging  behavior  of  the  three  meridional  gradients  of 
p,  «  and  T.  What  has  been  said  In  Part  II  with  regard 
to  the  development  of  layers  of  extreme  meridional 
gradients  as  a  consequence  of  the  large-scale  vertical 
motion  applies  analogously  In  this  part.  The  positive 
sign  of  3T  /  3z  is  significant  only  for  the  position  of  the 


The  homopyontc  layer  which  la  between  a 
Null  layer  and  the  homobarie  layer  below 
same,  is  situated  underneath  the  heating 
level,  provided  that  the  meridional  gra¬ 
dients  of  p,  T  and  Q  have  the  like  sign.  It  is 
situated  above  the  heating  level,  If  the 
meridional  density  gradient  is  opposite  to 
the  two  others. 
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Subpart  B:  Winter 


Chapter  16:  The  Effects  of  the  Upper  Boundary  of  the  Ozone  Layer  in  Winter 


It  Is  apparent  from  Fig.  11  that  in  winter  the  low  lati¬ 
tudes  receive  more  solar  radiation  than  the  high  lati¬ 
tudes;  the  difference  In  the  radiant  energies  conveyed  Is 
considerably  greater  than  In  summer.  From  this  we  may 
Infer  that  a  greater  meridional  temperature  difference 
exists  at  the  upper  boundary  of  the  ozone  layer.  What 
has  been  said  In  Subpart  A  applies  equally  to  the  case 
of  winter  when  reversing  the  signs  of  the  meridional 
gradients.  In  particular,  the  vertical  sequence  of  the 
deduced  layers  holds  good  here  too.  There  Is,  however, 
one  remarkable  difference  between  summer  and  winter 


In  the  nontroplcal  latitudes  on  account  of  the  greater 
difference  in  the  meridional  temperatures  within  the 
heating  level:  The  amplitudes  of  the  “swinging"  gra¬ 
dients  are  larger,  that  means,  the  plelsto-layers  are  more 
marked.  On  the  whole,  the  meridional  circulation  may 
be  assumed  to  be  more  Intense  In  winter.  Fig.  11  also 
Indicates  that  the  summer  circulation  covers  a  shorter 
period  of  time  than  that  in  winter. 

A  representation  of  winter  conditions  would  be  like  a 
mirrored  Pig.  13  and  has  therefore  been  omitted. 
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IV  The  Joint  Action  of  the  Heating  Levels 

chapter  17:  Comparison  of  the  Two  Individual  Circulation  Systems 


The  most  noticeable  difference  between  the  circulation 
systems  that  are  produced  by  those  two  heating  levels  Is 
that  in  the  lower  system,  the  circulation  does  not  change 
its  direction  during  the  course  of  the  year,  whereas  In 
the  upper  system,  it  is  opposite  during  the  extreme 
seasons.  This  difference  renders  a  natural  principle  for 
an  arrangement  in  this  part. 

As  would  become  clear  from  Figs.  9  and  13.  the  vertical 
sequence  of  the  layers  of  marked  characteristics  is  the 
same  in  both  systems  of  circulation,  except  that  in  the 
range  where  the  vertical  temperature  gradient  is  posi¬ 
tive,  the  Null  layer  is  above  the  appertaining  homo- 
thermic  layer.  In  the  vicinity  of  the  Null  layer,  the 
sequence  of  those  cases  therefore  is  dependent  on  the 
sign  of  the  vertical  temperature  gradient:  Set  Ib  occurs 
only  where  3T/3z  is  negative,  set  II*  where  it  is  posl- 

For  a  “swinging"  atmosphere  the  vertical 
sequence  of  the  sets  above  the  upper 
boundary  of  the  ozone  layer  Is  the  same  as 
that  above  the  earth's  surface  (dTISz<0). 
Below  the  upper  boundary  of  the  ozone 
layer  f 3r  /  3z  >  Oj,  set  Ib  Is,  farniBUy,  super¬ 
seded  by  set  II*,  which  Is  below  the  Null 
layer  according  to  C.  40. 


The  slopes  of  the  surfaces  on  Pig.  13  offer  further  possi¬ 
bilities  of  the  thermal  structure  of  the  pressure  systems 
in  the  system.s  oil  z  and  p.  Chapter  6  has  indicated  that 
one  and  the  same  high-pressure  area  (low-pressure 
area)  may  be  cold  (warm)  in  the  p-sy.stom  while  warm 
(cold)  in  the  z-system,  with  the  wind  speed  decreasing 
with  height  (set  lb). 

The  statements  that  have  been  made  In  the  systems  of  p 
and  z  relative  to  the  thermal  structure  of  pressure 
systems  will,  however,  change  if  the  vertical  tempera¬ 
ture  gradient  is  positive;  then,  the  wind  speed  will 
Increase  with  height  (set  II*). 

It  Is  only  with  a  positive  vertical  tempera¬ 
ture  gradient  that  in  the  z-system  the  high- 
pressure  area  can  be  cold  and  the  low- 
pressure  area  warm,  though  the  wind  speed 
Increases  with  height.  It  Is  only  with  a 
negative  vertical  temperature  gradient  that 
in  the  z-system  the  high-pressure  area  can 
be  warm  and  the  low-pressure  area  cold, 
though  the  wind  speed  deoreases  with 
height. 


live. 


C.  42 
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chapter  18:  Possible  Forms  of  Vertical  Structure  of  the  Atmosphere  as 
Resulting  from  the  Joint  Action  of  Two  Heating  Levels 


In  Parts  II  and  III  the  ettects  of  only  one  heating  system 
in  the  atmosphere  have  been  deduced,  our  investigations 
now  are  to  ascertain  those  of  the  simultaneous  action  of 
both  heating  levels.  Theoretically,  a  sole  heating  level 
exerts  an  influence  upon  the  whole  of  the  atmosphere; 
its  influence,  however,  decreases  as  the  distance  from  it 
increases.  In  order  to  enable  any  results  to  be  attained, 
it  is  assumed  that  the  effects  of  the  one  heating  level  are 
negligible  in  the  vicinity  of  the  other. 

To  think  that  each  of  the  two  independently  “swinging" 
heating  level  systems  could  be  cut  off  at  a  specific  place, 
and  the  two  put  abruptly  together  at  such  “cut-off" 
places,  would  be  physically  wrong.  In  general,  this  would 
mean  leaps  of  the  meteorologic  parameters.  For  simpli¬ 
fication,  and  imagining  a  vertical  range  to  exist  between 
the  two  heating  levels,  within  which  the  supremacy 
shifts  from  the  one  system  to  the  other,  the  following 
definition  ts  made;  Above  a  specific  height  Ha  (lower 
boundary  of  the  undisturbed,  upper  system),  only  the 
upper  system  is  significant;  below  a  specific  height  Ho 
(upper  boundary  of  the  undisturbed,  lower  system; 
(Hh  <  H„),  only  the  lower  system.  Transition  from  the 
one  system  to  the  other  takes  place  between  Ho  and  Ha; 
in  tills  range,  there  is  not  a  marked  dynamic  layer,  which 
might  have  developed  due  to  the  effects  of  one  system 
only. 

For  the  range  of  transition,  specific  border  conditions 
of  the  parameters  9p  /  9y,  3T/ 9y,  3<i/3y,  v,  and  Vi  are 
given  at  Ha  and  Ho.  We  now  ask  for  the  possible  ways 
of  transition  of  those  into  one  another.  The  variety  of 
the  transition  that  would  be  possible  formally,  is, 
however,  limited  by  the  condition  that  the  final  state 
within  the  range  of  transition  must  be  persistent;  in 
other  words,  it  must  not  be  connected  with  any  processes 
trying  to  destroy  U. 

Occasionally  the  vertical  distribution  of  the  mcteorolo- 
glc  parameters  has  in  the  previous  chapters  been  com¬ 
pared  to  an  oscillation,  the  legitimation  of  this  having 
been  derived  by  replacing  the  time-coordinate  of  com¬ 
mon  oscillations  by  the  s-coordinate.  Comparison  to  a 
“frozen"  wave  may  therefore  be  still  more  to  the  point. 

The  oscillation-like  behaviors  of  the  meridional  gra¬ 
dients  as  well  as  of  Vj  and  v^  arc,  finally,  due  to  the 
behavior  of  v,,  which  in  turn  is  connected  with  the  field 
of  the  zonal  wind.  It  therefore  seems  to  be  legitimate 
from  a  physical  point  of  view  to  regard  both  the  wind 
components  as  representative  of  the  phenoiiieiiuii  as  « 
whole. 


In  order  to  find  out  the  possible  ways  of  behavior  of  the 
wind  components  within  the  transition  range,  conside¬ 
ration  is  given  to  the  persistent  combinations  of  Vx, 
3vi/3z  and  Vj  as  obtained  in  chapters  12  and  15.  It  has 
proved  there  that,  while  9vj/  3z  keeps  the  same  sign,  the 
signs  of  Vj  in  the  high  and  low  latitudes  respectively  are 
opposite.  Therefore,  without  impairing  the  universality 
of  the  forthcoming  results,  we  need  not  regard  other 
than  the  conditions  at  the  low  latitudes. 

The  ocurring  combinations  are  as  follows: 

Increase  of  west  wind  with  height  and  descending  air 

+  W  i 

Decrease  of  west  wind  with  height  and  ascending  air 

—  W  t 

Increase  of  oast  wind  with  height  and  ascending  air 

+  E  t 

Decrease  of  east  wind  with  height  and  descending  air 

-  E  i 

The  other  combinations  that  are  conceivable  formally, 
are  not  persistent  in  the  low  latitudes.  Any  of  the  above 
four  combinations  can  occur  at  Ha  as  well  as  at  Ho,  and 
the  18  linkages  that  are  possible  between  them  are  given 
in  the  table  below. 


a 

b 

C 

d 

1 

-Wt 
+  wi 

—  Wt 
'  — Wf  ■ 

^  -wt 

-E  i 

—  Wt 
•  l-E  t  ' 

2 

-b  Wi 
+  Wi 

1  + 

— ►  * — 

+  Wi 
-E  i 

+  Wi 
4-E  t 

3 

+  E  t 
+  Wi" 

+  E  t 

+  E  t 

+  E  t 

—  Wt 

-E  i 

4-E  t 

4 

-E  i 
+  Wi 

-E  i 
—  Wt 

-E  i 
-E  i 

-E  i 

4-e  t 

Table  II:  Formally  possible  linkages  of  the  combination 
types.  Combination  types  assumed  to  occur  at  H„  (Ho) 
are  shown  above  (below)  the  horizontal  line. 


The  lines  of  Table  11  represent  the  unchanged  combi¬ 
nation  typos  at  Ha,  the  columns  those  at  Ho.  When  select¬ 
ing  the  linkages  that  are  physically  possible,  the  defini¬ 
tion  of  the  transition  range  as  one  of  the  occurrence  in 
it  of  one  marked  dynamic  layer,  if  any,  must  be  taken 
into  account.  The  linkages  Id  and  4a  would  require  two 
N’s  and,  between  these,  one  H,„  to  be  incorporated  in  the 
transition  range.  The  linkages  Ic,  2d,  3a  and  4b  would 
make  necessary  one  N  and  one  //,,  in  the  transition 
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range.  These  linkages,  which  are  merely  formal,  are 
inconsistent  with  the  above  supposition  and  must  there¬ 
fore  be  disregarded.  2c  and  3b  yield  one  Hp  In  the  tran¬ 
sition  range,  while  la  and  4d,  one  N.  2b  and  3c  yield  a 
dynamic  layer  which  has  not  so  far  occurred,  and  whose 
essential  cliaracteristics  originate  from  the  combination 
types  assigned  to  it.  This  layer  is  one  of  minimum  zonal 
winds  with  a  reversal  of  the  vertical  motion;  it  meets  all 
the  requirement  of  a  Null  layer,  and  will  below  be 
called  "Null  layer  of  2nd  kind"  (Na).  The  earlier  Null 
layer,  whidi  is  connected  with  a  maximum  of  the  zonal 
wind,  will  below  be  designated  „NuU  layer  of  1st  kind" 
(Ni).  The  Na  will  be  fully  discussed  in  the  next  chapter. 
The  linkages  lb,  2a,  3d  and  4c  are  still  left  for  conside¬ 
ration,  At  these,  a  marked  dynamic  layer  does  not  come 
into  existence  in  the  transition  range,  because  the  rele¬ 
vant  combination  types  at  H„  and  Hi  are  equal. 

Table  Ila  offers  a  survey  of  the  marked  dynamic  layers 
that  occur  at  the  respective  linkages.  The  absence  of 
such  a  layer  is  denoted  by  a  cipher,  an  excluded  linkage 
by  a  cross. 


a 

b 

c 

d 

1 

Ni 

0 

X 

X 

2 

0 

Nj 

Hp 

X 

3 

X 

Hp 

Ns 

0 

4 

X 

X 

0 

Ni 

Tabic  Has  Marked  dynamic  layers  in  the  transition  range. 

Thus  it  is  apparent  that  within  the  range  of  transition, 
there  develops  either  a  Null  layer  of  the  1st  or  2nd 
kind,  a  homobarlc  layer,  or  no  marked  dynamic  layer 
at  all. 

Other  considerations  also  lead  to  the  conclusion  that  the 
variety  of  the  possible  ways  of  transition  can  be  reduced 
to  a  small  number  of  basic  forms.  Wc  shall  below  con¬ 
iine  ourselves  to  considering  Vx  and  Vi.  For  a  combined 
system  of  two  heating  levels  it  is  of  Impoi-lancc  whether 
Vx  respectively  v,.  passes  through  zero  within  the  tran¬ 
sition  range  or  not.  There  are,  formally,  tour  possibili¬ 
ties,  which  arc  included  h.  Table  III. 


Pass  throug'. 
zero 

No  pass 
through  zero 

Marked  dynamic 
layer  in  the 
transition  range 

a 

Vx,  V-i 

0 

b 

Vx 

Vz 

Hp 

c 

V'i 

Vx 

Nt  or  N> 

n 

Vx,  Vz 

- 

V 

Table  III:  Beliavior  of  Vj-  and  v,  in  the  transition  range. 


Possibility  a  materializes  on  the  equality  at  Ha  and  Hi, 
of  the  signs  of  the  meteorologic  parameters.  In  this  case, 
which  occurs  between  an  Ni  and  an  H,,,  the  range  of 
transition  does  not  comprehend  a  marked  dynamic  layer. 
Possibility  h  materializes  when  the  zonal  winds  at  Ha 
and  H|,  are  opposite  to  each  other;  the  two  wind  systems 
are  in  the  transition  range  separated  by  a  homobarlc 
layer.  There  occurs  a  Null  layer,  cither  of  the  1st  or  2nd 
kind,  in  that  range  if  the  vertical  motions  at  Ha  and  Hu 
are  oppo.5ite  to  eacli  other  (possibility  c),  while  the  zonal 
winds  have  the  like  sign.  Possibility  d  cannot  materialize, 
because  Vx  and  v-x  cannot  change  their  signs  simul¬ 
taneously;  see  the  investigation  In  chapter  12  concerning 
the  liomobaric  layer.  Thus  the  same  four  forms  of  tran¬ 
sition  within  the  transition  range  are  obtained  as  above. 

These  four  forms  of  transition  can  be  included  in  two 
virtually  different  groups.  Comparison  of  them  with 
vertical  sections  of  only  one  "swinging"  system  reveals 
that  three  of  them  (Ni,  Hp,  0)  are  contained  in  the  latter. 
Whereas  the  fourth  one  (Na)  is  not.  The  abovementioned 
two  groups  be  given  their  own  names  with  a  view  to 
facilitating  the  relevant  statements  below. 

1.  WJien  the  Iransition  range  Includes  either  no  marked 
dynamic  layer  or  an  Ni  respectively  H/i,  the  two 
systems  involved  are  detined  as  concurrent  with 
one  another.  The  vertical  sequence  at  the  marked 
dynamic  layers  In  the  composite  system  corresponds 
!o  that  In  a  sole  system, 

2,  When  Ihe  Iransilion  range  Includes  an  Ni,  the  two 
systems  Involved  ate  delined  as  countercurrent 
to  one  another.  The  vertical  sequence  ol  the  marked 
dynamic  layers  In  Ihe  composite  system  does  not 
correspond  to  that  ol  a  sole  system. 
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Between  two  heating  level  systems  that  are 
capable  of  swinging,  there  are  virtually 
different  forms  of  transition  which  result 
from  concurrent  and  countercurrent  sy¬ 
stems  respectively. 


As  yet  the  sets  delined  in  chapters  6,  12,  14  and  15  have 
not  been  utilized.  Notice  that  the  combination  types 
here  used  can  Include  up  to  3  such  sets.  E.  g.,  I-  W  t 
can  embrace  sots  II,  II*  and  III,  which  shows  that  the 
essential  features  of  the  transition  range  have  already 
been  determined  by  the  combination  types,  whereas  the 
finer  structure  offered  by  those  sets  appears  to  be 
unimportant  dynamically.  The  more  complicated  way  of 
utilizing  the  sets  rather  than  the  combination  types 
would  hove  yielded  Identical  results.  The  primary  im¬ 
portance  attached  herein  to  the  wind  field  is  evident 
also  where  two  systems  act  jointly. 

Wo  have  hitherto  assumed  the  range  of  transition  to 
more  or  less  extend  vertically.  Now  the  question  arises 
whether  a  proper  definition  can  be  given  to  a  nearly 
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two-diinensioned  separating  layer.  There  must  in  the 
transition  range  be  a  level  of  balance  between  the  effects 
of  the  two  systems,  and  there  would  be  nothing  more 
obvious  than  regard  this  level  as  the  separating  layer. 
However,  our  foregoing  results  do  not  permit  to  charac¬ 
terize  this  layer  by  means  of  meteorological  parameters. 
Further,  the  separating  layer  could  be  represented  by 
that  level  in  which  the  decrease  in  temperature  of  the 
lower  system  passes  over  to  the  increase  of  temperature 
of  the  upper  one.  Selection  of  this  layer  is  supported  by 
the  following.  At  first  approach,  the  vertical  tempera¬ 
ture  gradient  is  directly  caused  by  the  heating  level. 
This  is  illustrated  by  the  temperature  arrows  (see 
Fig.  13),  which  point  to  the  respective  heating  .evel. 
Also,  the  sequence  of  sets  is  dependent  upon  the  sign  of 
3T  /  9z.  When  using  another  meteorological  quantity  to 
deflne  the  separating  layer,  a  set  clearly  pertinent  to 
0  n  e  of  the  two  systems  only  (Ib,  II*),  may  happen  to 
become  assigned  to  the  other.  The  heavy  disadvantage 
of  using  3T  /  3z  =  0  in  the  definition  of  the  separating 
layer  Is  that  the  temperature  gradient,  which  primarily 
is  caused  by  the  heating  levels,  is  modified  by  the 
vertical  motion.  This  can  subject  the  3r/3z  =  0  level 
to  heavy  vertical  shifts.  Under  the  circumstances  it  is 
not  advisable  to  have  recourse  to  the  local,  vertical 
temperature  gradient. 

The  above  disadvantage  can,  however,  be  largely  elimi¬ 
nated  by  deriving  the  mean  of  temperature  over  a 
whole  coherent  system  (high  latitudes  —  low  latitudes), 
and  forming  the  vertical  gradient  of  this  moan:  — 


where  P  stands  for  the  area  that  at  the  respective  height 
is  covered  by  the  coherent  system.  Since  the  effects  of 
the  vertical  motion  do  not  hold  with  3Tm/3z,  the  defi¬ 
nition  of  the  rarrge  of  transition  renders  the  height  where 
3Tm/dz  becomes  zero  to  be  situated  within  same.  The 
equation  of  definition,  57,,,/  3z  =  0,  yields  a  layer  which 
is  situated  at  the  same  height  in  all  latitudes.  The 
separating  layer  between  the  two  systems  generally  will 
not  be  a  horizontal  level;  therefore,  in  defining  the 
separating  layer  over  a  given  place,  STm/Sz  =  0  cannot 
be  used  but  as  a  first  lead. 

This  makes  neccessary  the  finding  of  another  basis  on 
which  to  define  the  separating  layer,  because  later  prac¬ 
tical  use  of  the  results  will  require  matters  to  be  assign¬ 
ed  to  o  n  e  system.  The  primary  role  of  the  wind  field 
has  been  repeatedly  referred  to  In  this  chapter;  its 
marked  dynamic  layers  will  be  used  to  deflne  the 
separating  layers. 

This  is  not  practicable  in  respect  of  the  linkages  lb,  2a, 
3d  and  4c  of  Tables  II  and  Ila  (see  also  possibility  a  of 
Table  III),  no  marked  dynamic  layer  developing  at  these 
in  the  transition  range.  For  all  these  linkages,  the 
respective  separating  layer  to  be  defined  is  not  within 
the  transition  range. 

It  is  now  possible  to  give  the  following  definition,  which 
is  generally  applicable: 

The  separating  layer  between  two  healing  systems 
be  that  marked  dynamic  layer  (H,,,  Ne,  N\)  which  Is 
next  to  the  9Tm/9z  =  0  level. 

In  case  of  counterourrence,  a  separating  layer  can  thus 
only  bo  represented  by  an  Ns,  in  case  of  concurrence,  by 
either  an  Hp  or  an  Ni, 
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Chapter  19:  Manifestations  of  the  Countercurrent  Transition; 
the  Null  Layer  of  2nd  Kind  (Ni] 


The  interpretation  of  eq.  (13)  and  (18)  which  are  connect¬ 
ed  with  an  extreme  condition  of  the  wind  has  as  yet  been 
restricted  almost  exclusiveiy  to  the  wind  maximum.  A 
thorough  analysis  wili  now  be  made  of  the  case  of  the 
wind  minimum  also  comprised  by  those  equations,  and 
which  mathematically  is  equal  to  that  of  the  wind 
maximum.  It  has  appeared  from  regarding  the  condi¬ 
tions  prevaiiing  on  the  existence  of  only  one  heating 
level  that  there  is  no  Na  in  the  “swinging"  atmosphere; 
on  the  other  hand,  the  previous  chapter  has  shown  that 
such  a  layer  develops  on  the  existence  of  two  heating 
systems  that  are  linked  countercurrently. 

II  It  is  only  by  the  Joint  action  of  two  heating 
systems  that  a  Null  layer  of  2nd  kind  can 
I  dcvciop. 


to  C.  30  (chapter  12),  we  can  ascribe  the  following 
characteristic  to  the  Ns. 

A  Null  layer  of  2nd  kind  is  represented 
Jointly  by  a  persistent  minimum  of  the 
horizontal  wind  speed,  an  extreme  of  the 
direction  of  the  wind,  a  reversal  of  the 

C.  48 

large-scale  vertical  motion  together  with  a 
nongradicnlio  flow  of  air  masses  from  the 
area  of  high  pressure  to  the  area  of  low 
pressure. 

Eq.  (13)  and  (18)  in  conjunction  with  the  latter  conclusion 
render  the  p,  T  and  q  surfaces  parallel  to  one  another 
at  each  point  of  the  Ns.  Vp  and  Ve  are  parallel,  as  they 
are  in  the  case  of  the  Ni;  the  direction  of  VT,  however, 
depends  upon  the  sign  of  3T/3z.  With  3TI3z  negative. 


'flic  Investigations  relative  to  the  characteristics  of  a 
persistent  wind  minimum  layer  can  be  based  upon  those 
made  in  chapter  4,  The  maintenance  of  a  wind  minimum 
is  equivalent  to  the  persistency  of  the  corresponding 
quartered  Held  of  tcinperatiire  distribution,  which  in 
turn  cun  only  be  due  to  the  relevant  Held  of  the  large- 
scale  vertical  motion. 

The  quartered  temperature  field  belonging  to  an  Ns  Is 
opposite  to  that  of  an  Ni.  Within  the  range  Influenced 
by  an  Ns,  the  vertical  motion  therefore  is  convergent  in 
the  area  of  high  pressure,  while  it  Is  divergent  in  the 
area  of  low  pressure.  For  continuity,  a  nongradientlc 
flow  of  nir  masses  will  take  place  from  the  area  of  high 
pressure  to  that  of  low  pressure.  Referring  to  oq.  (34)  and 


VT  is  parallel  to  the  other  two  gradients;  with  3T/9z 
positive,  it  Is  antiparallel  to  these.  This  allows  state¬ 
ments  to  be  made  regarding  the  relative  position  of  the 
Ns  and  its  appertaining  Hr.  We  are  referring  to  Fig.  14 
which  holds  for  the  Ni.  Due  to  the  fact  that  the  change 
of  wind  with  height  occurring  with  an  Nj  Is  opposite, 
the  relative  slope  of  the  T-surfaco  to  the  p-surface  is 
opposite  as  well.  From  this  it  can  be  concluded: 
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When  3t  /  3i  is  negative,  the  homothermic 
layer  is  below  the  Null  layer  of  2nd  kind  to 
which  it  belongs;  when  ST/  3z  is  positive,  it 
is  above.  Thus,  us  compared  with  ibc  Ni, 
conditions  arc  reversed. 
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The  couples  of  sets  on  Fig.  14  have  proved  to  be  the 
only  ones  that  can  include  an  Ni.  The  arrangement  of 
the  couples  holding  for  the  Na  on  the  basis  of  the  fore¬ 
going,  and  in  accordance  with  the  definitions  of  the  sets, 
is  inverse  to  that  holding  for  the  Ni: 


ar/az  <0 

3T /dz>0 

Nt 

Ib 

la 

II 

II* 

Ns 

II 

II* 

Ib 

la 

In  view  of  the  indication  in  chapter  7  that  an  Ni  can 
occur  both  with  and  without  a  homopycnic  layer,  the 
relations  between  the  Na  and  the  Ho  will  now  be 
examined.  First  of  all,  this  requires  the  possible  con¬ 
nections  between  the  extremes  of  the  zonal  winds  and 
those  of  the  meridional  pressure  gradient  to  be  eluci¬ 
dated.  As  is  evident  from  chapter  5,  the  occurrence  of  a 
wind  maximum  can  be  with  a  maximum  of  the  pressure 
gradient  as  well  as  without,  and  when  there  is  a  maxi¬ 
mum  of  the  pressure  gradient,  it  is  positioned  below  the 
appertaining  wind  maximum.  Though,  it  is  possible 
Iheoreticaily  that  a  maximum  of  the  pressure  gradient 
does  not  directly  entail  one  of  the  wind.  Due  to  the 
basic  facts  this  latter  occurrence,  too,  would  cause  a 
wind  maximum  at  not  too  groat  a  distance  from  the 
heating  level,  as  has  been  shown  in  chapter  4. 


When  a  minimum  of  the  meridional  pres¬ 
sure  gradient  originates  one  of  the  zonal 
wind,  the  latter  is  situated  below  the  for¬ 
mer. 

Further,  since  a  minimum  of  the  meridional  pressure 
gradient  cannot  occur  within  one  heating  system, 
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A  persistent  minimum  of  the  meridional 
pressure  gradient  can  be  caused  only  by 
the  joint  action  of  two  systems. 


Possibility  2c  of  Fig.  IS  yields  a  wind  minimum  when¬ 
ever  the  nearest  marked  dynamic  layer  of  the  lower 
system  Is  an  Ni.  In  this  case,  2c  can  be  regarded  as  the 
upper  part  of  2b. 


Only  those  possibilities  which  render  a  wind  minimum 
are  of  interest  here.  The  range  of  consideration  is  that 
between  two  Nis  having  the  same  direction  of  wind  (1.  e., 
those  with  an  Nt  between  them).  Due  to  conclusions  C.  2, 
C.  3,  C.  48  a  homopycnic  layer  (if  it  exists)  Is  situated  be¬ 
low  the  pertinent  Ni  respectively  above  the  pertinent  Nj. 
Thus  between  an  Ns  and  the  Ni  below  it  there  cannot  be 
a  homopycnic  layer.  To  investigate  the  range  between 
an  Ns  and  the  Ni  above  it,  we  use  as  a  basis  the  possibi¬ 
lities  la,  lb  (Ni)  and  2a,  2b  (Ns)  of  Fig.  15.  The  transition 
from  2a  to  la  yields  no  homopycnic  layer,  that  from  2b 
to  lb,  two  such  layers.  At  the  transitions  from  2a  to  lb 
and  from  2b  to  la,  the  cogent  result  is  another  H<>,  that 
is  to  say,  We  finally  obtain  the  transition  from  2b  to  lb. 


c  b  a 

Fig.  15:  Extremes  of  the  pressure  gradient  (thin  curves)  and  the  wind  (heavy  curves). 


Formally,  there  arc  also  three  possible  connections 
between  the  minima  of  the  zonal  wind  and  those  of  the 
meridional  pressure  gradient.  Fig.  15  gives  a  view  of 
them.  Besides  the  possibility  of  two  minima  appearing 
jointly  (2b),  there  is  one  eacli  of  a  minimum  of  only  one 
of  the  two  quantities  occurring  (2a,  2c).  With  respect  to 
possibility  2b,  chapter  2  permits  the  following  state¬ 
ment: 
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retween  a  Null  layer  of  2nd  kind  and  the 
Null  layer  of  Ist  kind  below  it,  no  homo¬ 
pycnic  layer  can  develop.  The  vertical  range 
between  an  N<  and  the  Nt  above  It  includes 
either  two  Ho's  or  none. 


Results  attained  to  this  point  permit  to  represent  the 
vertical  sequence  of  seU  between  two  Null  layers  of  1st 
kind  (Fig.  18).  For  the  sake  of  simplicity  the  Ni  that  is 
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above  the  Na  is  supposed  to  be  the  Null  layer  of  1st  kind 
that  is  directly  above  the  upper  boundary  of  the  ozone 
layer.  The  upper  system  thus  does  not  ''oscillate"  down¬ 
wards.  In  aseertalnlng  the  relative  position  of  a  layer 
where  the  vertical  temperature  gradient  changes  its 
sign,  the  following  must  bo  taken  into  account.  From  the 
definition  of  the  sets  it  results  that  as  against  the  sets  la, 
n.  III,  the  occurrence  of  set  II*  is  dependent  on  a  posi¬ 
tive  3T/  5z,  while  sot  Ib  on  a  negative  one.  A  change  of 
sign  of  3T/dz  therefore  can  occur  only  within  the 
ranges  pertaining  to  la,  II,  III.  Fig.  16a  assumes  the 
clrange  of  sign  of  the  vertical  temperature  gradient 
to  occur  above  the  Ni.  There  are  only  two 
homothermic  layers  as  separating  layers  between  the 
lower  Ni  and  the  N:.  Since  between  the  Na  and  the  upper 
Ni  there  are  either  two  homopycnic  layers  or  none,  these 
are  shown  by  dotted  lines,  and  set  HI  which  is  embraced 
by  them,  is  in  parentheses.  While  in  the  event  of  the 


absence  of  the  homopycnic  layers  both  the  heating  level 
(T(z)miij)  and  the  minimum  of  the  vertical  temperature 
distribution  occur  within  one  and  the  same  set  (II),  the 
existence  of  set  III  renders  four  possible  positions  of 
T(z)m„z  and  T(z)„iiii  respectively.  These  are  indicated  by 
vertical  arrows. 

On  Fig.  18b  T(z),hIh  is  assumed  to  occur  below  Nz,  which 
places  the  Hi-  above  the  Nz  to  whicli  it  belongs,  and 
makes  it  represent  here  the  first  layer  of  those  separat¬ 
ing  the  sets.  Here,  too,  the  heating  level  (T(z)imx)  can  be 
within  the  range  of  validity  of  set  II,  or,  with  the 
existence  of  set  III,  in  the  vertical  range  o£  the  latter. 
Tfzjmi,,  can  occur  only  within  the  range  of  la. 

Attention  is  drawn  lo  the  fact  that  we  have  intentionally 
plotted  the  lines  of  Fig.  16  at  equal  distances  from  one 
another,  since  no  statement  is  possible  regarding  the 
vertical  extension  of  the  sets. 


T(z)Max  — ^ — ;  T(z)Max 


Fig,  IS:  Sequences  of  sets  between  two  Ni 


Chapter  20;  Manifestations  of  the  Concurrent  Transition 


The  definition  of  concurrence  indicates  that  the  vertical 
sequence  of  the  marked  dynamic  layers  of  a  combined 
system  is  the  same  as  that  of  a  single  system.  However, 
it  does  not  say  anything  regai'ding  the  vertical  sequence 
of  the  sets,  and  this  will  now  be  considered  by  analogy 
with  the  foregoing  chapter. 

Use  is  made  of  undisturbedly  “swinging"  lower  and 
upper  systems.  Of  the  lower  system,  the  part  that  is 
required  to  be  considered  here  is  shown  at  the  left  hand 
of  Fig.  17,  of  the  upper  system,  it  is  shown  at  the  right 
hand.  From  a  physical  point  of  view  it  is  of  course 
impossible  to  regard  the  two  systems  as  existing  side  by 
side;  there  must  be  a  point  where  a  passage  occurs  from 
the  lower  to  the  upper  system,  and  below  which  the 
upper  system  becomes  imaginary,  while  above  it,  the 
lower  system.  Thus  Fig.  17  must  be  understood  in  such 
a  way  that  we  ascend  in  the  lower  system  (left  hand) 
up  to  a  point  which  is  consistent  with  the  definition  of 
concurrence,  where  we  pass  to  the  analogous  point  of 
the  upper  system  (right  hand)  and  proceed  upwards 
within  this.  The  respective  arrows  on  Fig.  17  join  the 
corresponding  points  of  the  two  systems  at  which  the 
meteoroiogic  field  parameters  have  the  same  value,  thus 
representing  the  conditions  in  the  atmosphere  at  a 
specific  height.  Since  in  the  upper  system  dTI  dz>  0, 
whereas  in  the  iowor  system  3T/dz<0,  the  vertical 
temperature  gradient  must  be  zero  at  this  height.  That 
is  to  say,  the  arrows  of  Fig.  17  represent  also  points  of 
T(z)„ih,  and  in  accordance  with  chapter  19  can  connect 
only  sets  of  the  same  kind  with  one  another  (la,  II,  HI). 
Also,  the  connections  hold  for  the  layers  separating  the 
sets,  Hp  and  Hp,  since  they  separate  sets  that  exist  In 
either  system.  However,  the  Nis  and  Hts  roust  be  cx- 
ceptea  for  the  reason  that  they  are  next  to  the  respec¬ 
tive  sets  that  do  not  occur  in  the  other  system,  and  there 
are  other  reasons  to  except  them:  Prerequisite  to  an  Ni 
are  barotropic  conditions;  ns  3p/  3z  cannot  be  zero  in 
it,  3T/ 3z,  too,  must  be  different  from  zero  according  to 
chapter  2.  Nor  can  3T /  3z  vanish  in  the  Ht,  for  if  it  did 


so,  the  supposition  as  to  the  change  of  the  wind  with 
height  would  not  be  met. 


The  way  the  figure  is  made  up  does  not  render  an 
explicit  view  of  the  range  of  transition  with  its  parti¬ 
cular  features.  In  the  formal  transitions  considered  here, 
it  is  of  no  account  whether  a  set  has  been  originated  by 
the  effects  of  either  one  system  or  both  systems.  This, 
however,  is  not  a  full  view.  The  joint  action  of  both 
systems  in  the  transition  range  may  cause  in  it  sequences 
of  sets  as  do  not  occur  in  a  single  system.  Since  the 
combination  types  are  dominant  in  the  transition  range, 
the  point  in  question  can  only  be  changes  in  the  sequence 
of  the  sets  within  one  combination  type.  On  the  increase 
of  wind  with  height  can  occur  the  sets  II,  III  and  11*,  on 
the  decrease  of  wind  with  height,  the  sets  la  and  Ib.  The 
sequence  Ib  —  la  —  Ib  cannot  materialize  since  Ib  does 
not  occur  in  the  upper  system.  Unless  there  is  an  Ni 
above  II*,  its  lower  boundary  as  well  as  itself  will  dis¬ 
appear.  This  moans  that  above  II*,  there  cannot  be 
another  set  that  includes  increasing  wind  with  height, 
and  the  sequence  11  —  II*  —  II  therefore  is  not  possible. 
Set  II,  however,  is  retained  when  due  to  the  effects  of 
the  upper  system,  it  passes  via  an  Ho-layer  to  set  HI  of 
the  upper  system. 


Summarizing,  we  can  say; 


C.51 


When  the  combined  heating  systems  arc 
concurrent,  the  vertical  sequence  of  sets 
formally  can  be  regarded  as  a  transition 
within  the  range  of  a  set  belonging  to  both 
systems,  from  the  ..swinging"  system  with  a 
negative  3t/5z  to  that  with  a  positive 
3Tl3z.  At  this  point  of  transition,  3T/dz 
Is  equal  to  zero.  An  exception  only  Is  the 
sequence  H  —  HI  —  II,  which  may  occur 
due  to  the  joint  action  of  both  systems  in 
the  transition  range. 


The  foregoing  docs  not  affect  the  statements  of  chapter 
18  concerning  the  separating  layer,  as  genetic  causes 
are  not  involved. 
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Chopter  21 :  Importance  of  the  Meridional  Temperature  Gradients  in  the 
Heating  Levels  for  the  Vertical  Structure  of  the  Combined  System 


a)  Summer 

It  is  one  of  the  basic  facts  in  summer  the  meridional 
temperature  gradient  of  the  upper  heating  level  is  oppo¬ 
site  to  that  of  the  lower  heating  level.  Consistently,  the 
directions  of  the  wind  in  the  vicinities  of  the  heating 
levels  are  opposite,  there  is  west  wind  above  the  earth's 
surface  ns  against  east  wind  at  the  upper  boundary  of 
the  ozone  layer.  It  has  been  shown  that  outside  the 
transition  range,  either  system  can  “oscillate".  First,  the 
simplest  manifestation  of  the  combined  system  is 
regarded.  It  docs  not  include  a  system-owned  change 


complicated  structure.  For  their  detailed  structure,  see 
the  „model  clock"  in  the  next  diapter. 

b)  Winter 

In  winter  the  meridional  temperature  gradient  of  the 
upper  heating  ievel  shows  in  the  same  direction  as  that 
on  the  earth's  surface,  that  is,  southward.  Under  these 
conditions  it  is  the  countercurrent  combination  system 
which  is  the  simplest  (Fig.  21).  As  for  the  simplest  con¬ 
current  combination  system,  this  results  either  in  the 
case  of  eacli  system  producing  one  system-owned  Hp, 


of  the  wind  direction;  this  corresponds  to  the  simplest 
case  of  concurrence,  with  a  minimum  number  of  marked 
dynamic  layers  (viz.  2)  between  the  heating  levels.  Fig.  18 
illustrates  the  behavior  of  the  wind  field  and  the  re¬ 
sulting  circulation  .scheme  in  this  case. 

Wo  now  consider  the  combined  systems  with  one 
system-owned  Hp.  In  summer  this  represents  the 
simplest  case  of  countci'currence,  though  it  Is  not  unam¬ 
biguous  any  longer  because  the  Hp  may  oceur  either  in 
the  lower  system  (Fig.  19a)  or  in  the  upper  system 
(Fig.  19b), 

Theoretically  it  is  possible  that  both  the  systems  develop 
one  or  more  system-owned  Hp's,  this  resulting  in  con¬ 
current  or  countercurrent  combination  systems  of  a 


or  in  the  ca.sc  of  one  system  producing  two  such  layers. 
Schcmalicnlly  the  vertical  wind  profiles  are  the  same 
with  any  of  these  three  possibilities  (Fig.  20). 

The  complicatod  combination  systems  which  are  possible 
theoretically  can  be  found  also  by  means  of  the  model 
clock. 

* 

It  does  not  cause  any  difficulties  in  neither  of  the  two 
seasons  to  determine  the  separating  layer  of  a  counter¬ 
current  combination  system;  this  cannot  be  another 
layer  but  the  Null  layer  of  second  kind.  But  with  the 
concurrent  combination  system  the  separating  layer  can 
only  be  found  using  the  definition  given  in  chapter  18. 
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Fig.  21;  The  simplest  countercurrcntly  combined  system  in  winter 


the  dittloulty  of  determining  their  effects,  on  the  basis 
of  the  results  found  here,  For  instance,  there  still  re¬ 
mains  the  question  wliothor  an  Increase  In  the  value  ol 
the  meridional  tomporaturo  gradient  in  the  heating  level 
causes  an  incroaso,  or  a  decrease,  of  the  respective  ver¬ 
tical  distances  between  the  marked  dynamic  layers,  and 
what  effects  this  may  have  upon  the  range  of  validity 
of  the  rospoctivc  heating  system.  Relation  between  the 
mean  heating  (37'„,/3z)  and  the  moan  temperature 
dltforoneo  in  the  heating  level  (dTIdy)  may  be  essentia! 
In  this  respect.  These  problems  are  not  Just  academic 
but  may  prove  to  be  of  considerable  importance  regard¬ 
ing  the  temporary  changes  of  the  radiative  conditions 
(e.  g.  the  seasons). 

This  brings  about  considerations  of  a  causal,  physical 
nalure  concerning  the  tncthanlsm  of  interaction  of  two 


heating  systems.  The  strictly  formal  access  which  has 
been  used  here  in  order  to  offer  a  generous  view  of  the 
vortical  structure  of  a  combination  system,  has  Included 
two  mutually  independent  heating  systems  together 
with  a  well-defined  transition  range  between  them.  This 
It  has  boon  legitimate  to  do  when  making  qualitative 
considerations.  Quantitative  analyses,  however,  will  not 
allow  to  maintain  such  n  restriction,  but  will  rather 
require  the  mutual  influence, s  to  bo  taken  into  account 
which  occur  in  the  full  range  of  the  hoating  systems  or 
at  least  In  a  large  part  of  them. 

The  concluding  chapter  will  refer  to  other  open  problems 
■ns  well  as  to  ways  how  to  .solve  them.  Preceded  will  this 
be,  however,  by  a  cliapter  to  enable  the  deduction  of  the 
vortical  structure  of  an  atmosphere  including  any  num¬ 
ber  of  hoating  levels. 
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chapter  22:  The  Model  Clodt  -  Diagrammatic  Representation  of  the  Above 
Results  to  Permit  to  Determine  the  Vertical  Sequence 
of  Sets  in  an  Atmosphere  Comprising  Heating  Levels 


Oui-  aim  in  the  foregoing  chapters  has  been  to  elucidate 
the  joint  action  of  two  heating  levels,  selecting  from  the 
variety  of  their  possible  combinations  the  simplest  one. 
In  order  to  be  able  to  embrace  the  whole  of  the  variety 
of  the  conditions  caused  by  two  heating  levels,  a  graphic 
means  of  representation,  which  we  call  model  clock,  has 
been  devised.  This  quasi-cyelieal  representation  permits 
to  determine  even  the  fine  structure  of  an  atmosphere 
including  any  number  of  healing  levels.  However,  it  has 
been  shown  in  the  above  chapter  that  the  quantitative 
relationships  cannot  be  surveyed  yet,  and  while  the 
model  clock  enables  all  the  possible  kinds  of  vertical 


On  dealing  with  the  conditions  above  one  heating  level 
OT/9z  <  0)  the  physical  necessity  of  the  sets  occurring 
side  by  side  as  shown  in  chapter  G,  has  reappeared  in 
chapter  12  in  th,e  form  of  a  systematic,  vertical  sequence. 
Within  a  ..swinging"  atmosphere  additionally  a  cycle  is 
represented  by  the  sets  III  —  II  —  Ib  —  la,  and  it  is 
obvious  to  illustrate  their  vertical  sequence  as  a  circle 
(Fig.  22).  It  is  for  symmetry  among  other  reasons  that 
here,  too,  the  sets  are  shown  at  equal  vertical  extensions. 
The  marked  dynamic  layers,  viz.  the  Null  layer  and  the 
homobarlc  layer,  divide  this  circle  vertically,  and 
through  a  v^-bound  and  a  v^-bound.  Into  two  half  circles 


/V, 

F/  -  Bound 


Hi 


Fig.  22:  The  model  ?lock 

The  lower  ..swinging"  system 


structure  to  bo  determined,  no  method  has  up  to  this 
been  deduced  to  determine  tliat  particular  kind  which 
would  correspond  to  given  basic  quantities.  In  other 
words,  it  cannot  be  said  whether,  and  how  ollcn,  a 
system  “oscillates".  As  basic  quantities  we  may  regard 
the  respective  meridional  temperature  gradients  In  the 
hudlliig  levels,  the  amount  of  their  heating 
and  their  mutual  dislaiice. 


with  increasing  (loft  hand)  and  decreasing  (right  hand) 
zonal  winds  respectively.  The  semicircles  arc  again 
divided  by  the  other  set-separating  layers.  Hr  and  Hp. 
The  abbreviations  of  the  sets,  which  are  now  localized, 
are  given  within  the  respective  quadrants.  The  vortical 
structure  of  a  "swinging"  heating  system  can  be  found 
from  Fig.  22  by  following  the  dial  clockwise,  twice  In 
respect  of  each  “nselllatinn";  however,  on  condition  thac 
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Fig.  23;  The  model  clock 

The  ..upper"  .swinging  system 
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Fig.  24:  The  model  clock 

Combinntinn  of  figures  22  and  33 
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the  directions  of  both  the  zonal  wind  and  the  vertical 
motion  are  given  in  the  starting  point. 

A  dial  for  9T/ 9z>0  by  analogy  with  the  above  is 
Fig.  23.  With  this,  the  semicircles  cannot  be  symmetrical 
for  the  reason  that  now  the  range  of  Increasing  zonal 
wind  covers  three  sets  while  that  of  decreasing  zonal 
wind  only  one. 

Pig.  24  is  a  fusion  of  the  two  dials,  allowing  to  deduce 
the  condition  of  the  atmosphere  except  tor  the  range  of 
transition.  For  3tI3z  negative,  use  the  inner  band,  for 
9T/  9z  positive,  the  outer.  The  Ht,  which  separates  set  II 
from  II*,  is  of  importance  only  for  the  latter  band. 

In  view  oJ  the  rather  complicated  possibilities  included 
in  the  transition  range  we  shall  continue  to  construct 
the  model  elock  step  by  step,  first  illustrating  the  mani¬ 
festations  of  the  concurrent  transition  referred  to  in 
chapter  20  (Fig.  25).  Here,  a  97’  /  9z  —  0  layer  can  occur 
within  the  sets  la,  II,  III,  and  because  of  this  variety,  the 
respective  place  has  not  been  marked  on  the  model 
clock.  In  accordance  with  conclusion  51,  Fig.  25  ist  a 
supplement  to  Fig.  24  in  that  it  considers  the  sequence  of 
sets  II  —  III  —  II. 

The  model  clock  is  to  be  used  thus:  Follow  the  track  of 
the  lower  system  (9T  /  9z  <  0)  up  to  a  given  place  where 
9T/9z  =  0;  then,  with  the  alternative  of  using  the  by¬ 
way  (III),  proceed  around  the  outer  band  where 
9t/'92  >  0,  up  to  the  next  heating  level  (97/  9z  =  0).  As 
shown  earlier,  it  must  be  situated  either  in  set  II  or  III. 
Since  the  heating  sysiom  wo  are  in  is  "swinging",  the 
byway  (III)  Is  not  applicable.  97 /9z  Is  negative  above 
the  heating  level,  which  again  requires  the  inner  band 
to  be  used. 

Two  sot  sequences  are  mainly  supplied  in  the  transition 
range  by  the  countci'current  transition  (chapter  19), 
according  as  to  whether  dT  /  3z  —  0  occurs  below  or 
.above  the  Null  layer  of  2nd  kind.  Considering  at  last 
these  two  sequences  renders  the  final  shape  of  the  model 
clock  (Fig.  26). 

It  5T/3z  0  occurs  above  Ihe  Ns,  pass  from  set  la  of 

the  lower  system  to  the  dashed  line,  along  which  to  reach 
set  II  of  the  undisturbedly  "swinging"  upper  system. 
Here  the  byway  (III)  cannot  be  excluded  either.  In  the 
case  of  97/ 9z  reversing  below  the  Na,  leave  the  lower 
system  at  set  la,  and  proceed  along  the  dash-dolled  line 
and  around  the  circuit  of  the  upper  system.  The  alter¬ 
native  of  tlio  byway  (III)  cannot  be  used  unless  in  con¬ 
nection  with  the  transition. 

When  using  the  model  clock  it  must  be  remembered  that 
the  definition  of  the  sets  docs  not  provide  an  interpreta¬ 
tion  of  the  directions  of  the  zonal  wind  and  the  vertical 
motion,  and  the  conditions  at  a  specific  point  of  the 
aimosphere  therefore  are  not  f;dly  explained  by  just 
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Fig.  2S;  The  model  clock 

Consideration  oi  the  concurrent  transitions 


naming  the  respective  set.  Mean  conditions  require  the 
directions  ol  Vx  or  Vx  to  be  stated  as  well  as  what 
branclj  ol  the  circulation  wheel  is  being  dealt  with.  For 
according  to  chapter  18,  It  is  only  certain  assignments 
that  are  possible  in  respect  of  v*  and  at  the  high 
respectively  the  low  latitudes.  The  basic  facts  furnish  a 
definition  of  dp/ dy  in  the  heating  levels,  and  according¬ 
ly,  of  the  direction  of  the  wind.  When  inserting  these 
quantities  in  the  model  clock  at  a  specific  branch  of  the 
circulation  wheel,  the  directions  of  both  vx  and  Vj  are 
automatically  rendered  for  all  sets,  since  Ni  as  well  as 
N*  reverse  the  vertical  motion,  and  Hp  reverses  the  zonal 
wind. 

The  model  clock  serves  to  represent  most  of  the  essential 
results  obtained  in  this  analysis.  It  does  not  include  the 
pleisto-layers,  which  do  not  own  set  separating  charac¬ 
teristics,  and  consistently,  does  not  illustrate  their  rela¬ 
tive  positions  to  the  other  layers.  However,  there  must 
be  at  least  one  plelsto-layer  between  two  layers  of 
vanishing  meridional  gradients  of  a  meteorologic  para¬ 
meter.  Hence  the  model  clock  concludes  to  a  certain 
extent  the  theoretical  investigations. 
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V  Concluding  Remarks 

Chapter  23;  Brief  Comparison  with  Meteorological  Experience 


A  sci'utiny  of  this  model  in  the  light  of  empirical  results 
will  itself  yield  a  comprehensive  paper,  and  is  to  be 
supplied  in  a  separate  Scientiflc  Ueport.  The  object  of 
this  section  is  to  offer  a  brief  comment. 

In  comparing  the  above-derived  layers  with  the  condi¬ 
tions  in  nature  a  disadvantage  is  the  lack  of  absolute 
moan  altitudes.  But  even  without  these,  the  layers  de¬ 
duced  lioi'o  are  easily  identifled  with  those  of  which  the 
knowledge  is  empirical. 

The  deduced  homopycnic  layer  is  (over  the  middle  lati¬ 
tudes)  situated  at  a  mean  height  of  8  km  (1, 14]. 

The  Null  layer  of  1st  kind  is  situated  at  a  mean  height  of 
10  km  IV,  19,  10],  its  existence  being  proved  by  the  per¬ 
sistency  of  the  high-troposphcric  wind  maximum.  The 
wind  maximum  would  have  to  bo  disturbed  within  a 
short  period  by  friction,  turbulence  and  the  interchange 
ol  air  masses,  and  as  shown  by  B.  Hnurwitz  [17]  the 
winds  in  it  would  liavc  to  be  subgradientlc  and  to  have  a 
How  component  towards  the  low  pressure.  It  is,  however, 
known  from  experience  that  the  wind  maximum  is  per¬ 
sistent  and,  whenever  dissolved,  reappears  after  a  two 
or  tliroo  days'  period.  This  furnishes  Iho  proof  that  the 
effects  maintaining  and  rebuilding  the  wind  maximum 
are  predominant  over  tliose  trying  to  destroy  it.  The 
only  conceivable  mechanism  which  can  bo  responsible 
tor  the  maintonaucc  of  the  wind  maximum  is  given  by 
the  vertical  motion  system  being  deduced  in  chapter  4. 
Thus  tlic  empirical  persistency  of  the  high-troposphcric 
wind  maximum  is  the  simplest,  and  best,  proof  that  this 
wind  maximum  layer  owns  Null  layer  charncloristic.s. 
The  same  holds  true  analogously  for  tlio  other  layers  ol 
extreme  winds  deduced  here. 

Conclusion  5  says  that  the  homotliormic  layer  belonging 
to  the  Ni  is  situated  "slightly  above  the  Null  layer".  This 
homolhermic  layer,  which  i.s  connected  with  a  reversal 
of  the  meridional  temperature  gradient,  is  apparent  from 
[14,  p.  201,  151,  and  e.specially  from  the  .Scicntille  Re¬ 
port  No.  B  of  the  Project's  third  year  (1961/1962),  which 
offers  a  diagrammatic  view  of  the  mean  p,  T  and  «- 
differences  between  Fairbanks  (64"N,  147“W)  andPalrlclt 
(28^  N,  60’ W)  [18].  Empirical  investigations  so  far 
carried  tlirough  have  not  yet  yielded  a  clear  proof  as  to 
^/hetller  or  not  the  homolhermic  layer  is  indeed  situated 
“slightly  above  the  Null  layer".  The  evaluation  of  par¬ 


tial  results  would  indicate  the  actual  difference  in  height 
between  these  two  layers  to  be  of  the  right  sign. 

[18]  also  proves  the  existence  of  the  deduced  layers  of 
maximum  meridional  gradient  of  pres.sure,  which  coin¬ 
cide  with  homopycnic  layers,  as  well  as  of  those  of  tem¬ 
perature  and  density.  They  are  apparent  from  [15, 19] 
also.  Due  to  advection,  a  maximum  of  the  local  disper¬ 
sion  is  caused  by  them  at  that  specific  height.  Such  a 
vertical  distribution  of  density  dispersion  is  shown  i.g.  in 
[20],  and  in  fact  proves  the  findings.  Corresponding  in¬ 
vestigations  have  been  started  with  respect  to  the  ver¬ 
tical  distribution  of  temperature  as  well  as  of  pressure 
dispersion.  The  empirical  results  available  reveal  that 
in  the  yearly  mean  for  the  temperate  latitudes,  the 
plcistopycnic  layer  above  the  Ni  is  situated  at  12  km, 
and  the  plclstothermic  layer  above  the  Ni  at  14  km. 
There  are  only  weak  indications  in  [18]  (system  high 
latitudes  —  low  latitudes)  of  the  occurrence  of  the  de¬ 
duced  ploistothcrmic  layer  below  the  Null  layer,  while 
tliere  arc  none  at  all  of  the  occurrence  of  the  respective 
plcistopycnic  layer. 

In  the  high/low  system  the  ploistothcrmic  layer  is  well- 
known  from  synoptic  experience.  It  is  situated  at  about 
5  km.  The  authors  have  not  so  far  met  with  any  empiri¬ 
cal  data  indicating  the  hehuviur  of  the  horizontal  den¬ 
sity  gradient  at  those  altitudes  (high/low  system),  and 
examinations  to  furnish  un  empirical  proof  have  been 
sin rind. 

The  Null  layer  of  2nd  kind  is  known  from  [15, 21, 22,  23], 
the  pertinent  reversal  of  the  meridional  temperature 
gradient  from  [15, 16, 18,  21],  Tlie  Na  occurs  only  in  win¬ 
ter,  its  mean  altitude  being  20  kt.n.  In  summer,  there  is 
at  Hull  ■.illitude  a  liumobarie  layer  connected  with  a 
reversal  of  Hie  mean  z.onal  wind  direction  [15,  16,  18,  21], 

The  existence  of  a  homopycnic  layer  above  approxima¬ 
tely  20  kill  had  iiol  been  clear  until  recently.  When  in 
■selting  up  this  model.  Its  existence  was  theoretically 
found  fur  the  sunimor  though  not  for  the  winter,  a  com- 
proliensivo  statistical  approach  was  made  [18]  to  the 
problem,  which  proved  the  theoretic  results  to  be  correct. 
The  flndiiigs  are  also  confirmed  by  the  recent  publica¬ 
tion  [24]. 

Unlike  the  foregoing  conditions,  those  nlinvp  .70  km  of 
course  are  not  so  easily  to  be  proved  empirically.  Never- 
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theless  a  persistent  wind  maximum  with  a  reversal  of 
the  horizontal  temperature  gradient  has  been  found  at 
about  55  to  60  km  by  W.  Attmannspacher  [15, 25],  which 
displays  west  winds  in  winter  and  east  winds  in  sum¬ 
mer.  This  represents  the  Ni  deduced  to  occur  above  the 
upper  boundary  of  the  ozone  layer  (chapter  14).  Using 
the  altitudes  known  to  involve  the  various  Null  layers, 
H.  Faust  (1957)  constructed  a  mean  general  circulation 
scheme  reaching  up  to  80  km  [26],  which  he  later  on 
completed  v/ith  the  cooperation  of  W.  Attmannspacher 
[27],  By  its  vertical  motion,  this  circulation  scheme  inter¬ 
prets  easily  the  peculiar  temperature  data  collected  on 
occasion  of  the  Rocket  Grenade  Experiment  [28,29,30] 
at  a  height  of  80  km  over  Fort  Churchill,  Canada,  where 
temperatures  in  winter  are  more  than  60°  C  above  those 
in  summer.  More  recently  H.  Faust  [31],  using  the 
Rocket  Grenade  Experiment  temperature  data,  showed 
by  aid  of  the  circulation  sdieme  the  relative  tempera¬ 
ture  distribution  which  has  to  be  expected  between  the 
high  and  the  low  latitudes  at  these  heights.  A  proof  of 
this  was  furnished  by  W.  Attmannspacher  and  J.  T6th 
[32],  when  a  number  of  rocket  data  were  available  from 
the  low  latitudes.  The  reason  for  calling  attention  to  the 
proof  of  the  abovementioned  circulation  scheme  is  that 
this  scheme  was  derived  directly  from  the  respective 
positions  of  the  Null  layers,  which  arrangement  has 
reappeared  in  this  theoretical  analysis. 

Regarding  the  meridional  density  gradient  of  the  upper 
heating  level,  no  unambiguous  empirical  data  are  known 
to  tho  authors  at  this  point.  E.  Sobs,  within  the  frame¬ 
work  of  the  Project  and  using  tlio  available  rocket  data, 


has  commenced  to  examine  those  findings  from  an  em¬ 
pirical  point  of  view. 

The  foregoing  coincidences  with  nature  of  the  results  of 
this  model  have  been  given  for  examples.  Generally 
speaking,  tlie  authors  are  not  aware  of  the  existence  of 
any  findings  cogently  contradictory  to  the  model  deduced 
by  them. 

There  is  another  point  that  needs  attention.  While  Part 
IV  has  dealt  with  the  possible  occurrence  of  additional 
"oscillations"  of  either  of  the  two  heating  systems,  it  has 
not  decided  whether  similar  ..oscillations"  occur  in  the 
mean  In  combined  systems  or  not.  To  answer  this 
question  the  same  amount  of  complicated  calculations 
would  have  been  necessary  as  to  And  the  absolute 
heights  of  the  individual  layers  deduced  here.  The  de¬ 
termination  of  mean  conditions  thus  have  been  left  to 
empirical  evaluation.  This  indicates  [e.  g.  33]  that  in 
winter  there  is  mean  west  wind  from  the  surface  up  to 
above  60  km  (Ni);  in  summer,  the  west  wind  shifts  to 
east  at  20  km,  to  keep  this  direction  up  to  above  80  km 
(Ni).  That  is  to  say,  additional  oscillation  does  nol  occur 
in  the  mean  in  either  ol  the  two  systems.  Tho  -.eparatlng 
layer  in  the  mean  therefore  is  dependent  upon  the  di¬ 
rections  of  the  respective  temperature  gradients  in  the 
two  heating  levels:  In  winter,  these  are  parallel  to  one 
another,  with  the  two  heating  systems  linked  counter- 
currently  (Ns),  in  summer,  they  are  antlparalle),  with  the 
two  heating  systems  linked  by  concurrence  (Hp). 

It  is  to  be  shown  by  empirical  data  whether  additional 
oscillations  of  a  heating  system  —  perhaps  limited  in 
space  —  may  occur  in  particular  cases. 
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Chapter  24:  Conclusions  and  Further  Problems 


Dispensing  with  the  use  of  empirical  knowledge,  the 
authors*  aim  in  this  analysis  has  been  to  ascertain  such 
marked  characteristics  ol  the  atmosphere  as  are  based  on 
very  simple  suppositions.  The  major  suppositions  of 
those  not  utilized  are  the  consequences  of  the  existence 
of  water  vapour  in  the  atmosphere  and  the  presence  of 
the  tropopaiiso.  Considering  the  important  role  of  water 
vapour  in  the  tropospheric  weather,  this  result  becomes 
worthy  of  note.  In  the  case  of  the  findings  of  this  analy¬ 
sis  being  consistent  with  the  conditions  in  nature,  and 
there  is  no  indication  as  yet  that  they  are  not,  these 
mentioned  facts  will  not,  therefore,  play  a  decisive  part. 

For  its  feature  of  separating  two  atmospheric  regions 
the  tropopause  is  occasionally  named  one  cf  the  most 
important  boundaries  of  atmospheric  levels.  From  the 
above  study  it  must  be  concluded,  that  this  level  cannot 
enact  an  important  part  in  dynamical  processes.  On  the 
contrary  W.  Attmannspaehcr  [34]  has  shown  that  hither¬ 
to  Incxpllcabio  characteristics  of  the  tropopause  (e.  g. 
typos,  vertical  dislocations)  can  be  explained  by  aid  of 
the  Null  layer  conception. 

Instead  of  to  the  tropopause,  this  paper  attaches  funda¬ 
mental  importance  to  the  separating  layer  (at  about 
20  km).  Tins  layer  is  represented  in  summer  by  an  H|. 
and  in  winter  by  an  Ns. 

The  justincallon  of  putting  such  an  emphasis  in  this 
study  upon  the  vortical  motions  is  that  the  layers  de¬ 
duced  through  them  are  In  fact  found  In  nature.  The 
vertical  motions  arc  connected  with  nongradlentlc  winds, 
whereas  the  calculations  in  this  paper  in  what  might 
apirear  to  be  a  contradictory  way  have  been  effected 
gradicntically.  However,  the  calculations  have  been  led 
only  so  far  as  lo  permit  to  draw  physically  simple,  but 
cogent,  conclusions.  Then  the  nongradicntlc  How  of  air 
mas.s(!s  toward  Hie  high  pressure  in  the  Ni  lias  been 
found  simply,  and  physically  cogently,  from  the  principle 
ol  continuity,  avoiding  coiniiilcalcd  nongradientic  cal¬ 
culations.  The  nongradientic  How  of  air  masses  deduced 
by  aid  of  I  lie  princliilc  of  coiiliiiuity  is  conslsUail  with 
tile  I'crtical  distribution  of  both  convergence  and  diver¬ 
gence  of  the  adlnbaticaiiy  deduced  vertical  motions, 
wliieh  again  are  based  on  the  vector  product  of  t%vo 
gi'adiciils  of  the  parameters  p,  T  and  (>. 

In  a  theoretic  v/ork  wliich  he  has  not  yet  published, 
W.  Attmannspaclier  has  found  several  terms  for  the 
vertical  motion,  one  of  which,  nud  apparently  the  pre¬ 
dominant,  is  the  abovementioned  vector  product.  This 
is  tlicrefuro  the  only  ono  which  has  been  utilized  in  this 


analysis,  the  subsequent  comparison  of  the  findings 
with  nature  having  proved  this  to  be  correct.  As  far  as 
the  actual  state  of  knowledge  Indicates,  the  vector  pro¬ 
duct  offers  a  reasonable  description  of  the  large-scale 
vertical  motion  of  the  atmosphere. 

The  previous  chapter  shows  Fig.  18  and  21  to  represent 
the  mean  circulation  scheme  for  both  summer  resp. 
winter  (no  additional  “oscillation*');  the  empirical  abso¬ 
lute  heights  given  above  enable  the  km  figures  to  be 
included  in  it.  It  is,  however,  known  from  experience 
[35]  that  especially  in  winter,  another  circulation  wheel 
with  direct  thermal  circulation  (descending  cold  air)  Is 
included  extending  from  the  earth's  surface  up  to  about 
3  km,  in  the  range  of  the  Hat  polar  cold  air.  This  polar 
high-pressure  system  has  been  derived  in  chapter  10 
without  calling  attention  to  the  fact, 

Tlio  circulation  schemes  themselves  have  been  deduced 
assuming  that  at  any  Hxed  elevation  the  meridional 
gradients  do  not  change  their  signs  In  proceeding  along 
the  meridian.  However,  as  known  from  experience 
there  may  in  single  cases  prevail  high  pressure,  at  high 
latitudes,  within  the  lower  dynamic  system  (0  to  20  km). 
Similar  large-scale  deviations  from  the  mean  conditions 
will  have  to  bo  investigated  later  on  in  connection  with 
a  division  of  the  mean  circulation  wheel  Into  Individual 
wheels  covering  the  meridians. 

Energetic  questions  have  not  been  raised,  and  it  seems 
advisable  lliercforc  to  throw  some  light  upon  the  pro¬ 
blem  of  the  transference  of  energy  toward  the  Ni.  Enox*- 
gy  Is  involved  in  the  nongradientic  How  of  air  masses 
toward  the  high  pressure.  G,  Hollmann  [3G]  revealed 
that  the  ascending  air  of  the  low-prcssui-e  system  below 
the  Ni  cixuscs  more  kinetic  energy  of  the  horizontal  air 
motion  to  be  tiiinsforrod  toward  the  Ni  than  downward 
from  it  in  the  high-prcssui'c  system  which  owns  less 
energy.  At  the  Ni  consequently  takes  place  an  accum- 
mulation  of  kindle  energy,  which  Is  consumed  by  the 
work  performed  by  the  flow  of  air  masses  toward  the 
high  pi’cssure  occurring  in  conjunction  with  super- 
gradicnlie  winds.  Kcciprocally  kinetic  energy  becomes 
wilh-drawn  from  both  sides  of  an  Ns, 

The  development  of  an  analogical  homopycnic  layer 
seems  to  be  a  function  of  the  spoelHc  weather  situation 
(bottom  set  II  or  III).  The  occurrence  of  the  bottom  sets 
la,  Ib,  II  and  UI  in  connection  witli  the  development  of 
the  pi-cssui'e  systems  is  supported  by  various  consldera- 
tioxis^  find  is  to  he  invnstlg.ntcd,  since  it  will  be  a  m.otter 
of  considerable  corx.';cqucncc.  Equally,  an  empirical 
I'oply  is  to  be  given  to  the  question  of  the  development 
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of  ii  Pii  layer  at  12  km  in  the  case  of  the  layer  below 
the  Ni  missing  (bottom  set  II), 

Except  in  a  few  cases,  it  are  only  pleisto-layers  and 
homo-layers  that  hove  been  dealt  with  In  this  analysis. 
Below  and  above  the  20  km  H|i,  plelstothermic  layers 
whose  meridional  gradients  have  the  same  direction 
would,  however,  be  expected  to  occur  due  to  the  like- 
signed  vertical  motions.  Consequently,  there  would  have 
to  be  a  minimum  condition  of  the  meridional  tempera¬ 
ture  gradient  in  the  vicinity  of  the  H,,.  It  Is  felt  that  sudi 
layers  of  a  real  minimum  condition  of  the  meridional 
temperature  gradient,  which  have  not  been  given  a 
name,  should  also  be  examined. 

The  way  the  heating  levels  have  been  used  would  have 
required  the  omission  levels  to  be  included.  But  these 
will  not  influence  the  direction  of  the  circulation  unless 
they  reverse  the  meridional  temperature  gradient  de¬ 
duced  above,  and  such  type  emission  levels  are  not 
known  as  yet. 

The  analysis  cannot  simply  be  carried  to  higher  levels 
due  to  the  really  complicate  effects  of  the  magnetic  field 
of  the  earth  upon  the  ionized  air  particles  as  well  as  of 
the  tides  [37,  38]. 

Of  a  much  more  complicated  kind  are  the  clrculative 
conditions  in  the  seasons  of  both  spring  and  fall  [39]. 
Although  appropriate  considerations  have  been  made 
which  have  shown  additional,  vertically  moving  Null 
layers  to  occur  [40],  a  separate  report  is  to  be  written 
regarding  them  so  as  to  avoid  this  publication  becoming 
too  voluminous.  Equally,  a  model  of  the  tropical  lati¬ 
tudes,  in  respect  of  which  a  direct  thermal  circulation  is 
assumed  to  exist,  is  to  be  dealt  with  at  some  future  time. 
There,  too,  the  persistent  wind  maxima  [41]  seem  to 
possess  Null  layer  diaractoristlcs,  the  flow  of  air  masses, 
however,  taking  place  presumably  from  the  high  pres¬ 
sure  to  the  low  [42].  [15,  43]  make  this  likely  in  a  Null 
layer  of  1st  kind  for  the  cases  of  weakening  highs  and 
lows.  The  circulation  in  such  weakening  pressure  sy¬ 
stems  indeed  is  considered  to  take  place  In  a  direct 
thermal  way. 

Of  course  the  value  of  this  analysis  (and  of  those  con¬ 
cerning  the  spring  and  fall,  and  the  tropics)  is  not  re¬ 
stricted  on  theoretical  considerations.  Firs',  the  results  are 
to  be  based  on  empirical  data,  when  the  practical  re¬ 
quirements  may  be  met  as  far  as  reasonable,  viz.  by 
embodying  the  average  values  of  the  moteorologic  para¬ 
meters  at  the  individual  layers  and  latitudes,  the  values 
of  the  meridional  gradients,  the  dispersion,  the  frequen¬ 
cy  distribution  etc.  Figures  may  be  given  for  the  indi¬ 
vidual  months,  the  respective  large-range  weather  con¬ 
ditions,  and  for  both  the  land  and  sea  stations.  In  sudf 
work  the  model  may  serve  as  a  frame.  However,  the 


labor  involved  will  be  so  extensive  as  to  require  elec¬ 
tronic  computers  to  be  employed. 

An  Important  practical  application  of  the  model  is  in 
connection  with  the  variation  of  the  solar  ultraviolet 
rays.  The  radiant  energy  given  to  the  second  heating 
system  (20  to  approx.  80  km)  appears  to  be  intensified  at 
one  time  while  reduced  at  another.  The  variation  of 
ultraviolet  energy  measured  by  OSO  satellites  is  to  be 
compared  with  the  behavior  of  the  upper  system  [44] 
observed  on  rocket  firings.  Additional  "oscillations"  of 
cither  of  the  two  dynamic  systems  may  be  found  to 
occur  in  certain  cases.  But  the  major  question  to  be 
clarifled  is  what  effects  any  changes  of  the  energy  of  the 
upper  system  may  have  upon  the  behavior  of  the  lower 
system.  The  influences  oxertod  by  such  processes  on  the 
weather  conditions  have  been  revealed  by  the  large- 
range  weather  research,  particularly  by  the  pioneer 
work  of  F.  Bafir  [e.  g,  45].  The  physical  processes  under¬ 
lying  such  a  vertical  coupling  of  the  two  systems  are  to 
be  subjected  to  thorough  investigation.  The  various 
assumptions  that  have  been  made  in  this  respect  could 
not  be  maintained,  mainly  because  of  the  reduced  air 
■density  at  high  altitudes.  This  model  has  been  found  to 
offer  a  noncontradietory  suggestion  how  to  imagine 
physically  the  coupling  of  the  processes  of  the  two 
systems  to  take  place.  For  its  hypothetical  nature,  this 
suggestion  has,  however,  not  been  Included  in  this  report. 
It  has  been  analyzed  by  W,  Attmannspaeher  in  [46].  Fur¬ 
ther  empirical  work  in  respect  of  those  problems  on  the 
basis  of  this  model  are  expected  to  contribute  largely  to 
the  large-range  weather  research  as  well  as  to  Its 
practical  application,  the  long-range  and  middle-range 
forecasts, 
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